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ABSTRACT
TEACHERS’ PERCEPTIONS OF PERSONAL AND ENVIRONMENTAL
ATTRIBUTES INDICATIVE OF THEMATIC CREATIVITY IN ETHNIC
MINORITY, HIGH SCHOOL STUDENTS, AS REFLECTED IN A DYNAMIC
SYSTEM MODEL OF CREATIVE PROBLEM-SOLVING ABILITY
Anil Gangji

This research project was formulated as a thematic, deductive, qualitative study to
investigate teachers’ perceptions of the creative problem-solving ability (CPSA) dynamic
system model in determining creative problem-solving ability in mathematics (CPSAM).
CPSA has six attributes that are essential for creative problem-solving ability: convergent
thinking, divergent thinking, motivation, knowledge and skills, and environment. The
teachers formulated responses to six open-ended research questions to address the inquiry
about the suitability of the dynamic system model in determining the CPSAM for ethnic
minority high school students. They were also invited to express their opinion on whether
the six attributes could be placed in a hierarchical order of importance or the attributes
formed a coherent integral unit. Finally, the participants were invited to propose their
model in place of the dynamic system model.
Teachers were purposefully sampled, and the final pool comprised instructors
who offer AP and other higher-order courses from three different disciplines. Overall, 25
teachers responded to the invitation, and the sample included all the disciplines attempted
for inclusion. The data were collected through semi-structured email interviews as well as

limited telephone and face-to-face interviews. The thematic qualitative analysis method
was undertaken, and the information extracted from the interviews was mapped to prior
themes to determine the perceptions expressed by the teachers.
There was a unanimous acceptance of the dynamic system model. In fact, 80% of
the teachers expressed a hierarchal preference by placing the environmental attribute at
the top of the list, followed by prior knowledge and motivation. They believed a nurtured
ability for divergent thinking would evolve. None of the participants gave any credence
to convergent thinking as playing a role in CPSAM. It became evident that teachers
thought the environment played a major role in developing creativity. Specifically,
parental involvement, school climate, and their contributions formulated pedagogies that
nurture and promote creative thinking.
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CHAPTER 1: INTRODUCTION
The aptitude to conceive and formulate new, exclusive solutions to intricate
problems is a characteristic human attribute that is an inherent quality of human
enterprise, especially considering the fast-paced transforming 21st century has situated
society at a dichotomous juncture: “two worlds: one we recognize and one we don’t.” For
the unknown situations, “change originates from creative thought. Creativity is a unique
human characteristic that allows us to better respond to ‘external changes’” (McPherson
& Welch, 2012, p. 20). To develop future talent so the United States stays competitive in
the world theater, creativity has to receive the utmost priority in all our endeavors
(Simonton, 2001). Our education system has to recognize creativity as the most essential
21st century skill and implement programs and curricula to advance it (Kupers et al.,
2019). During a Ted Talk titled, “Do Schools Kill Creativity?” Sir Ken Robinson (2007)
raised the utmost significance of creativity in today’s education when he stated that
creativity in the present time occupies the same station in the education system as
literacy, and therefore it should hold the same level of importance. Benjamin Bloom, in
his taxonomy, describing the cognitive domain and claimed synthesis (creativity) was the
most difficult skill to attain since it warrants the highest level of commitment to muster
every cognitive skill in the creative thinking process. According to Johnson (2019),
creativity requires an extremely high order of cognitive processes. It should be
emphatically promoted in schools to provide opportunities for students to excel in
imaginative, creative work. In so doing, students can take ownership of their own
learning.
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Prior to the successful launch of Sputnik by Russia in 1957, creativity in the
American education system seemed to lack the impetus needed for supporting talented
students to realize their full potential. The response by U.S. Congress to the Russian
challenge was, in 1958, to pass the National Defense Education Act, infusing billions of
dollars to support school programs and curriculum to promote students’ critical and
creative problem-solving skills. Extensive discussions have taken place on fostering the
future pool of scientists, technologists, engineers, and mathematicians (STEM) to ensure
the United States remains competitive in an expanding global economy (Jolly, 2009).
According to Shawn Hunter, the author of Out Think (Hunter, 2013), “We’ve entered a
new era. Call it the age of imagination, ideation, conceptualization, creativity,
innovation—take your pick. Creativity, mental flexibility, and collaboration have
displaced one-dimensional intelligence and isolated determination as core ingredients of
competitive advantage” (p. 1). Creativity by itself remains an idea only until it is used for
innovation. Therefore, creativity is a thought process that engages individuals in
identifying the possibility for something innovative (Hunter, 2013). However, the
creativity alone by itself fails in realizing the practical reality unless it can be adopted for
creating something innovative. Creativity and innovation are the driving engines that
propel the global economic competitiveness of a nation and help it assume a leading
position. The National Academies of Sciences Engineering Medicine commissioned a
report in 2005 titled: “Rising Above the Gathering Storm: Energizing and Employing
America for a Brighter Economic Future” (National Academy of Sciences; National
Academy of Engineering; Institute of Medicine, 2007). Concern was expressed in the
report that the United States was falling behind in terms of global economic
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competitiveness. Five years later, a follow-up report was commissioned titled, "National
Research Council, Rising Above the Gathering Storm, Revisited: Rapidly Approaching
Category 5” (National Research Council, 2011). The crucial recommendation by the
National Academies was to vastly increase America’s talent pool by drastically
improving K–12 mathematics and science curriculum. Thus, encouraging the
strengthening of the school curriculum through STEM programs, the U.S. Government is
strongly supporting the creation of a pool of individuals through the school system, with
creativity that will keep us competitive and leaders in the field of innovation. Moreover,
in their recommendations, the NCTM (National Council of Teachers of Mathematics) has
advocated that schools should align their math curriculum programs through STEM to
promote students’ critical and creative problem-solving skills (National Council of
Teachers of Mathematics, 2019). Schools seem an appropriate venue for instilling
creativity more effectively in the masses and not only the few elite (Shaheen, 2010).To
achieve this, there is an acute need for qualified teachers who can prepare the next
generation of innovators in the American future workforce (Robinson, 2020). The
perceptions of teachers in regard to their students’ abilities and skills have found to be
positively connected to students’ accomplishments in mathematics, their outlook toward
mathematics, and their commitment to working in mathematics. Thus, teachers’
perceptions of their students’ academic aptitude and dexterities are extremely critical for
enhancing student accomplishment, motivation, and commitment to task
(Areepattamannil & Kaur, 2013).
Teachers’ beliefs and perceptions about nurturing creativity generally have also
been addressed in the research. Researchers have reported that they believe creativity is a
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rare trait associated with gifted students. This misunderstanding leads them to
underestimate the creative potential of those students who are not gifted, and that in turn
inhibits them from nurturing the creativity of all students (Gurak-Ozdemir, 2016).
Researchers have also reported that teachers are often perplexed about the differences
between intelligence and creativity. To limit the nurturing of creativity for students who
they perceive to be intelligent, again this introduces a bias against the confirmed research
reports that creativity can be nurtured in all the students through the implementation of
appropriate pedagogies. Teachers who harbor negative perceptions about creativity
invariably fail to nurture creativity for their students (Hondzel, 2013).
Purpose of the Study
The aptitude to conceive and formulate new, creative, exclusive solutions to
intricate problems is a characteristic human attribute that is an inherent quality of human
enterprise (McPherson & Welch, 2012).
The purpose of this research is to devise a thematic, deductive qualitative study to
investigate teachers’ perceptions of the applicability of the six attributes proposed in Dr.
Cho’s CPSA (Cho, 1999, 2003) model to study the creative problem-solving ability in
mathematics (CPSAM) for their students. The participants were also invited to propose
additional attributes or remove any of them who need to be considered in this context.
Finally, they were provided the opportunity to create their individual CPSA model or
suggest modifications to Cho’s dynamic system model.
Significance of the Study
“Creativity and innovation are conventionally viewed as consequences of
individual mental processes and actions” (Kuhn, 2012 pp. 1-2). Innovation is always
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preceded by a creative thought or enterprise. Creativity by itself does not lead to the
growth of a company or nor does make it innovative. The formulation of creative ideas
invariably requires a climate of freedom for people to take risks in the tasks in which they
are engaged in creative work. Creativity followed by innovation establishes the
foundation for international economic competitiveness. Economic growth results from
the adoption of company policies that allow for “creativity, knowledge convergence, and
advanced scientific technology based on coordinate learning” (Peek, 2021, p. ii).
To continue to remain a global “competitor,” it is crucial for the United States “to
foster creative thinking and practice” (Land, 2013, p. 547). However, alarming concerns
have been expressed about the falling competitiveness of the nation in the global market.
Anderson (2013) elaborated on this predicament:
Alerted to the problem of national crisis in education in 1983 via the report A
Nation at Risk of the National Commission on Excellence in Education (Goldberg &
Harvey, 1983), education researchers have been focused on mathematics achievement in
search of best practice for years in an attempt to restore the nation’s previous position of
superiority in global society. (p. 42)
It thus becomes imperative to identify the personal and environmental attributes
that can instigate, nurture, and promote CPSAM. In this study, teachers’ comments on
these attributes will provide insight into the perspectives they have and how they assist in
developing creativity in mathematics.
Teachers form an important component for advancing student performance and
academic achievement. According to the research, the creativity in the classroom is
facilitated by teachers’ proficiency in identifying the creative personal characteristics
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associated with creativity (Aish, 2014). The current study can then be considered an
addendum to the previous two studies (Lin & Cho, 2011; Teseo, 2019) because it solicits
teachers’ perspectives on the application of attributes in DSM to that needed in CPSAM.
Research Questions
1. How do the teachers perceive the legitimacy of the creativity attributes stated in the
dynamic system model of creative problem-solving ability, especially their
application in the mathematic domain?
2. Based on their teaching experience, what are the perceptions of the teachers of these
attributes and relations among them for creative problem-solving ability in
mathematics?
3. Would the teachers perceive there to be a hierarchal placement of attributes, as
identified in the dynamic system model?
4. Are there any reflections and/or recommendations on the dynamic system model that
teachers would like to present?
Definition of Terms
A selected list of the pertinent terms is defined here for the common
understanding of the author and the readers.
Creativity Problem-Solving (CPS)
This is a cognitive process that engages individuals to approach an inquiry or
challenge to seek solutions in a unique, innovative, and creative way. In the present
research, the dynamic system model introduced by Cho (2003) defined the selection of
attributes of creative problem-solving.
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Creativity Problem-Solving Ability in Mathematics (CPSAM)
Mathematical creativity is the ability of “divergent production in mathematical
situations, and the ability to overcome fixations in mathematical problem solving”
(Gruntowicz, 2020, p. 69). Lieken (2009) proposed that it is a cognition creative process
in which individuals engage in using fluency, originality, uniqueness, and expansive
approaches to seeking solutions to intricate math problems, whose solutions have yet to
be determined.
Convergent Thinking
This is a cognitive process through which an individual selects one single best
solution, among many available possibilities.
Divergent Thinking
This is a higher order thinking process that an individual engages in to create an
innumerable amount of conceptual frameworks to solve an inquiry through a flexible,
original, and creative approach.
Motivation
Motivation is an intrinsic human drive that propels individuals to instigate,
pursue, and persevere to solve problems, surmounting all hurdles and difficulties.
Environment
In his socio-cultural theory, Vygotsky and Cole (1978) stipulated that children
react to environmental constraints when engaged in creative work. School environment,
home environment, parental involvement, and societal resources are some of the
environmental issues that may accelerate the progress or thwart it.
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CHAPTER 2: REVIEW OF LITERATURE
The purpose of this thematic qualitative research was to understand teachers’
perceptions of the CPSA attributes identified in DSM and their application to the
attributes essential for CPSAM. In the educational framework, teachers form a critical
component in developing student talent and an effective classroom environment for
creative learning (Gurak-Ozdemir, 2016). They play an important role in bringing out the
best in the students and inspire them to achieve their best. In this respect, it would be
important to understand their baseline perceptions on the attributes that contribute to
student CPSAM. In this research project, therefore, teachers are invited to provide their
perspectives on the attributes described in the DSM and their efficacy in applying them to
CPSAM.
To formulate the responses from the teacher surveys to the four research questions
cited in chapter one, key concepts associated with the research will be included in this
chapter. After browsing over the historical perspective of creativity, this chapter will
include the literature reviews on the methodology applied in this qualitative study,
problem-solving and creative thinking, and creativity problem-solving ability in
mathematics (CPSAM). The aim is to provide the groundwork for the chapters to follow
in establishing the legitimacy of the creativity attributes stated in the dynamic system
model of creative problem-solving ability to gauge their application in the mathematic
domain, understand the interrelationships of the attributes, and determine whether the
participants have recommendation for modifications to the DSM.
It should be noted that creativity and CPSA are used interchangeably throughout
this research.
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Theoretical Framework
“If we are to be successful in developing ever-increasing numbers of
mathematically promising students, we need to be aware of some of the characteristics
that these students demonstrate” (Sheffield, 2003, p. 3).
Exceptional mathematical proficiency is an extremely important resource for the
progress of a society; it is required to uphold technologically competitive global
leadership (Mathematics, 1980). To support this idea, the National Council of Teachers
of Mathematics (NCTM), in their report entitled "Agenda for Action for the 1980s”
(Texas Associates for the Gifted and Talented, 2003), stated that developing or promoting
high-quality performance in mathematics is more important now than it was 20 years
back. It is now well accepted that mathematical creativity is not endowed at birth but is a
skill that can be nurtured and developed in students. “The development of mathematical
potential, like any other valued ability, is something that takes dedication and hard work
on the part of teachers, parents, and the students themselves” (Texas Associates for the
Gifted and Talented, 2003). To develop a larger pool of mathematical talent, it is
imperative we grasp the characteristics or attributes of students that can help us develop
that tool (Texas Associates for the Gifted and Talented, 2003, p. 1). It then also becomes
essential to identify the attributes necessary to promote CPSAM.
The theoretical framework for this research is based on the investment theory
proposed by Sternberg and O’Hara (1997). In looking at the stock market, they contended
that creative individuals practice an investing strategy used in the financial markets by
“buying low and selling high” (p. 9). According to them, buying low corresponds to
tracking notions that are unknown—but indicative of good potential for high returns in
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the future. Potential ideas do not carry any guarantees, and therefore they require taking a
risk. Selling high for them means seeking buyers by convincing them of the high value of
their product and its worth and then moving on to new pursuits that are indicative of high
returns. They propose there are “six resources needed” (p. 8) for creativity: “Knowledge,
intellectual abilities, thinking styles (Appendix F), motivation, personality, and
environment” (p. 9). Knowledge in the domain of study is essential, without which the
individual will fail to develop an interest or even formulate the inclination to conduct a
study in a specific subject area. Sternberg and O’Hara(1997) claimed that “creativity has
been shown to be fairly domain specific” (p. 9).
In the intellectual ability realm, a first requisite attribute mentioned by the authors
for creative thinkers is that they are able to synthesize, identify connections, and redirect
or redefine the direction of the research. Here, they state that making connections implies
the researcher is able to seek solutions by looking at problems through different lenses
and perspectives. The second intellectual ability they espouse is the researcher’s
analytical disposition. The individual has to be able to see the merits of concepts, be able
to evaluate them, project the value of them, and also determine whether they need to be
pursued for potential returns. The third and final intellectual attribute for creativity is the
person’s agility for communicating, demonstrating, and selling the worth of the ideas to
others. Sternberg and O’Hara (1997) stated that, “If you can’t figure out a way to present
your ideas so your audience sees the same value as you do, nothing creative happens” (p.
11).
Thinking style (Appendix F) is the next resource requirement proposed by the
authors as a component for creative thinking. Here, the phrase used is the ability of the
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thinker to “think out of the box. ”Moreover,” to be creative, a person has to like using the
inventive thinking style and have a preference for thinking in novel ways of his own
choosing” (Sternberg & O'Hara, p. 12). Thinking styles for creative thinkers direct them
to select pertinent pathways to solve problems.
Motivation is the next attribute the authors propose for creativity. Motivation is
the driving force that propels individuals to aim high and reach heights never achieved
before or previously thought unattainable. According to Zhu and Zhang (2011), intrinsic
motivation is an extremely important attribute for people to be creative in any area of
investigation.
For the personal skills, “creativity requires a risk-taking personality” (Sternberg &
O'Hara, p. 13). The individual should be able take a committed stand and feel confident
to present contrary and controversial proposals, even against the risk of not gaining
acceptance by their peers.
In the realm of the environment, the promotion of creativity will depend on the
attitudes of others and the established organizational functional philosophies in the
location where the individual is placed. In schools and teachers alike, there is a need to
establish and propagate a climate for students to develop and engage in creative thought
processes. Unfortunately, teachers unwittingly introduced a negative bias toward student
ideas that may be out of the ordinary and thus thwart any expression of exploration and
the free thought process. According to the authors, people “fear change . . . thus, research
indicates that although people may value creativity because it will bring progress, they
are often uncomfortable with it and hence may initially react negatively to creative work”
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(Sternberg & O'Hara, p. 15). They make the observation that, "We see these unfortunate
negative patterns in students in the classrooms” (Sternberg & O'Hara, p. 15).
The theoretical framework adopted for the current study was introduced by Cho
(1999, 2003) as a dynamic system model of creative problem-solving. It arose from
Sternberg and Lubart’s (1995) theory of complex model of creativity and Urban’s
(2003)componential model of creativity. In their theory, Sternberg and Lubart examined
the “confluence of six distinct but interrelated resources: intellectual abilities, knowledge,
style of thinking, personality, motivation, and environment” (1999, p.10). In the
componential model, Urban (2003) included divergent thinking and acting, general
knowledge and thinking base, and specific knowledge and area-specific skills as three
cognitive components. He then included focusing and task commitment, motivation and
motives, and openness and tolerance and ambiguity as three personal components.
Cho (2003) depicted her dynamic system model as a form of a tree, an organic
structure with six attributes: motivation, general knowledge, domain-specific knowledge,
divergent thinking and convergent thinking, and the environment, interacting
dynamically to enhance the creative problem-solving ability of individuals(Lin & Cho,
2011; see Figure 1).
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Figure 1
Dynamic System Model of Creativity Problem-Solving Ability (2003)

Review of the Related Literature
Historical Perspectives of Creativity
From time immemorial to the Middle Ages and then the Renaissance, creativity
was linked with the outcome of divine stimulation “Human creativity was. . .derivative
and limited to strictly following God’s instructions” (Glaveanu & Kaufman, 2019, p. 9).
As reported by Glaveanu and Kaufman, medieval societies were dynamic, as witnessed
by the “expansion of cities, technologies and trade” (p. 10). The authors also stated that,
“the heights of this cultural progress were reached during the Renaissance” (p.
10),shifting the “creativity ideal” (p. 10) from God to men. However, the era of
Enlightenment that followed provided a forceful impetus by transitioning into
recognizing the supremacy of individual creativity through reason and personal potential
(Glaveanu & Kaufman, 2019).
13

In the 20thcentury, the inception of the new discipline of psychology ushered in a
more practical approach to creativity research. Freudian, and other psychological theories
gave rise to systematic studies of personality, which became the focal point for ensuing
creativity research. In addition, educational interests fomented around concepts of
intelligence and creativity early in the century, and the developing data-based research
methods were applied to the new field of educational testing to encourage creativity
(Elliss, 1986). Interestingly, the abstract noun “creativity "does not have an entry in the
1933 edition of the Oxford English Dictionary and did not receive wide current usage
until the 1940s and 1950s (Aisha, 2014).
Creativity in education received prominence in 1950 during P. Guilford’s
watershed presidential address to the American Psychological Association, which marked
the beginning of modern creativity research (Fasko, 2001). He emphasized in the address
the importance of nurturing the creative potential of students in schools (Beghetto, 2010)
and called on researchers to make creativity a focus of their future research (Guilford,
1950).
The success of the Russian space program in 1957 in sending the first artificial
satellite, Sputnik, into orbit brought the need for creativity to the forefront. To keep up
with the Russian superiority in space, the National Defense Education Act was passed by
Congress in 1958 into law as a comprehensive educational reform act, aimed at
strengthening teacher pedagogies in the areas of math and science, foreign languages, and
creative arts (Esquivel, 1995). This was followed by a sustained effort by the federal
government and national organizations to improve educational standards in schools
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(Esquivel, 1995). Systematic research in creativity was in full gear by the 1960s
(Feldman & Benjamin, 2006).
Apart from Guilford, another psychologist, Torrance, is also credited with
advancing research in creativity in the modern era. He researched creativity in teaching
and creative thinking in children and established a future solving program, an
incubational model that stimulates critical and creative thinking skills in students in
schools (Markov, 2017). He also developed the Tests of Creativity as an assessment tool
that is in common use even today. Contemporary scholars consider Guilford and
Torrance pioneers of the modern creativity theory and research (Smith & Smith, 2010).
Educators started to put forward curriculum reformation ideas by considering the
nature of the learning process and replacing conventional methodologies by experimental
and nondirective methods and formulating pedagogies to stimulate inquiry, self-directed
learning, and creativity (Esquivel, 1995). In the 1960s, as a result, Piaget’s cognitive
approach became a guiding curriculum reform to foster creative thinking by promoting
independent inquiry by children (Feldman & Benjamin, 2006). This culminated in the
concept of open school, attempting to advance independent, creative thinking (Walberg
& Thomas, 1972).
The momentum of the curriculum reformation began to ebb during the 1970s
(Esquivel, 1995). Now attention has begun to focus on gifted children. Special programs
have been instigated to promote critical thinking and creativity. In contrast to the
approach of giftedness based on IQ, as proposed by Lewis Terman in 1916, researchers
have begun to put forward the argument that creativity and giftedness cannot be
measured by a unitary method. Joseph Renzulli (1990) advanced the idea of multifaceted
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approaches to recognizing the talented. Gardner (1983) also embraced the idea and put
forward the multiple-intelligence nature of giftedness and creativity.
Nurturing and promoting creativity was regarded as distinct from the general
academic curriculum and therefore reserved for the elite few (Beghetto, 2010).In the
1980s, concern was raised about the falling academic standards of students in schools.
This brought about urgency for an interventional strategy to reverse the trends (Ravitch,
1990). The National Commission on Excellence in Education (NCEE; 1983) examined
the situation and presented its findings in a report titled, "A Nation at Risk.” They
reported that increasing mediocrity in our schooling system was diminishing the
educational standards in our schools (Education N. C., 1983). It appeared that the
education system did not improve, even with the increased research on creativity in
education (Esquivel, 1995).
Educational theorists and educators, in the 1990s, embraced the social
constructivist theory proposed by the Russian psychologist Vygotsky (1978).
Constructivist theory expounded on active learning through the construction of
knowledge by individuals as active participants. It also emphasized the essential need for
imagination and creativity in learning (Moran, 2010). Now, the curriculum approaches
cast a wider net for the entire population to be included in the process of creative
thinking, and not just for the gifted. This was accomplished by programs such as
Renzulli’s school-wide enrichment model (Renzulli & Reis, 1997), which provided a
venue for the development creative potential of all students (Esquivel, 1995).
However, in the recent past, the educational reforms centered around development
of state standards and teacher performance on test-based evaluations of academic
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performance by students. The “No Child Left Behind Act” enacted in 2001 imposed
annual testing for students and federal funding penalties for failing to achieve stated
targets each year (Darling-Hammond & Restique-Forrester, 2005). Such reforms in
education in the United States imposed standardized testing, which is more markedly
viewed with concern by progressive educators because, in their opinion, it thwarts
practices that would promote creativity (Feldman & Benjamin, 2006). The 2009 “Race to
the Top” education initiative launched by President Obama provided competitive funds
for improving student performance in K–12 schools.
The top funding criteria included the following:
•

Improvement of assessments and more rigorous standards for schools

•

Turn-around of failing schools through increased emphasis and resources

•

Support that allows teachers and staff to be more effective

•

Better methods for tracking progress of both students and teachers (Chen, 2019,
para 3)

As the educators internationally explore well rounded, all-inclusive strategies to
advance the critical and creative skill of students to become21st century human
capital, an increased emphasis is being now placed on STEAM. STEAM is an
acronym for science, technology, engineering, arts, and math. The pedagogy is
designed to promote open-ended, interdisciplinary inquiry, which is student
centered (Lathan, 2021).
Creativity, an Overview
Due to its complex nature, creativity does not fit itself to any one specific
definition. There are many definitions presented in the research. Dewey’s (1938)problem-
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solving model is regarded as the earliest model on creative thinking. He defined the
problem-solving process as an intrinsic perception that advances learning or solutions.
According to him, initially, individuals perceive a difficulty then locate and define it,
identify options, record solutions and consequences, and accept a solution (Starko,
2013).Creative problem-solving ability is called into action when solutions to address
inquiries are not immediately apparent. The researcher has to embark on novel, openended thought processes and critical analyses to arrive at a final solution.
Dewey’s model of creative problem-solving ability is derived from Wallis’s five
stages of creative process: preparation, incubation, intimation, illumination, and
verification (Wallas, 1926). At the preparation stage, an individual gathers pertinent
information and concepts for content understudy. Then, at the incubation stage, the mind
is allowed a free, uninhabited percolation of wandering thought, relevant to the study or
not. The next, the illumination stage, is the lighting of the bulb, the eureka stage.
Seemingly, the solution presents itself in a person’s activity or relations. In the final
verification, the researcher engages in critical thinking and artistic judgment skills to
sharpen and refine ideas to arrive at a final solution (Sadler-Smith, 2015). Although the
first impression of the Walla/Dewey models appears to be linear, during the creative
thought process, progression may formulate in different sequences, often repeating
(Wallas, 1926).
The early theories for creativity provided an inroad to Guilford’s (1956) proposal
for creativity. He contended it had to have a distinct construct encompassing originality
and divergent thinking. This proposal introduced the concept of creativity, to be studied
both from the psychological and educational perspectives.

18

Originality is simply coming up with varied, new, different ideas that may or may
not end up having any useful purpose or application (Runcoet al., 2011). Divergent
thinking in contrast involves the ability to find varied new responses or solutions to openended questions (Palmiero et al., 2020).
Guilford considered intelligence to be multifaceted, comprising different abilities.
Therefore, in his research, he focused on individual personalities. He espoused individual
abilities are formulated as a direct result of exposure to increased level of education. He
believed children can be trained to be smarter; “Intelligence education is intelligent
education "became his motto (Pancholi, 2021, p. 1). His structure of intellect (SI) theory
comprises three main intellectual processes for intelligence: operations, contents, and
products. He identified five components that makeup the operations (cognition, memory,
divergent production, convergent production, evaluation), six for products (units, classes,
relations, systems, transformations, and implications), and five for content (visual,
auditory, symbolic, semantic, behavioral; Pancholi, 2021).
Figure 2
Structure of Intellect (SI) Model
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The operations component deals with cognition and understanding. It highlights
memory recording and retention, evaluation of the problem, and reflections on it
(Guilford, 1956). The content parts focus on words, pictures, and people, and their
interpretation in the real world by the individual (Guilford, 1956). The product construct
focuses on the connection and relationships found between items or people. The product
construct relates to higher-order skills, such as identifying changes, as well as
recognizing and forecasting future interpretations, consequences, and expectations
(Diebel, 2018).
Guilford (1950) identified several components associated with creative thinking:
fluency, novelty, sensitivity to problems, flexibility, ability to synthesize, ability to
analyze, reorganization or redefinition, complexity, and evaluation. From these
components in his SI model, he categorized fluency, flexibility, and novelty as sub
factors for divergent thinking. Guilford (1967) reported a high correlation between
divergent thinking and creativity. Thus, to measure creativity, he developed four scoring
criteria for divergent thinking: fluency, flexibility, originality, and collaboration. This
concept had enormous influence, and, as a result, instruments developed for measuring
divergent thinking to gain insight into the creativity of subjects have gained immense
popularity.
In the 1950s, Alex Osborn and Sidney Parnes were the first to introduce the
concept of formulating a systematic creative problem-solving process. They divided the
process into six steps: envisioning or objective finding, fact finding, problem finding,
idea finding, solution finding, and acceptance finding. These six steps were summarized
in three broader categories: exploring the challenge (covering the first three steps),
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generating the ideas (covering the idea finding step), and preparing for action (covering
the last two steps; Baumgartner, 2010; Llyod, 2022). Puccio and Cabra (2009) proposed a
more focused approach to developing the steps essential for an investigative approach for
creative problem-solving. They espoused three overall phases: “Clarification,
Transformation, and Implementation” (p. 331). They contend that each of the three
phases may include two steps. At the clarification stage, the future outlook for the desired
result is formulated, and an attempt is made to tie up any loose ends. In the
transformative stage, the researcher will engage in “exploring ideas and formulating
solutions” (p. 331). New, novel ideas are generated here to surmount obstacles that may
inhibit arriving at the end solution. This then is followed by transforming these ideas into
workable solutions. The implementation phase is initiated with “Exploring Acceptance.”
The inquiry associated with CPS at this point requires individuals to take a respite and
engage in a contextual reevaluation of components that need to be included in the end
solution. After that, the final step is to formulate an action plan to arrive at the end result.
Critical thinking and creativity form a major part of this entire process (Treffinger &
Isakksen, 2005). Researchers in their quest may differ in their application of creative
problem-solving and may not follow the demarcations and the sequences presented.
Kaufman (1988) proposed that “the cycle of phases is lot more complex, and high degree
of over-lap occurs with lots of communication between the phases” (p. 99). Thus, the
progression through the steps is not sequential nor linear.
Torrance (1988) proposed a multifaceted nature of creativity. He defined
creativity as “the process of sensing difficulties, problems, gaps in information, missing
elements, something askew, making guesses, and formulating hypotheses about these
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deficiencies; evaluating and testing these guesses and hypotheses; possibly revising and
retesting them; and finally re-communicating the results” (p. 47). According to his thesis,
creativity is governed by the attributes of the creative person, the existence of skills
pertaining to creative thinking, and testing conditions.
Emphasizing the multifaceted definition of creativity, Amabile (2012) proposed a
componential theory of creativity. Based on the definition of creativity as a formulation
of ideas or results that exhibit novelty useful to society, she proposed creativity is
influenced by three personal components possessed by individuals. The first is the
domain-relevant skills; the second is creative-relevant processes, and the final one is task
motivational disposition. The surrounding environment, in particular the social
environment, is identified as the external component that contributes to creativity. Thus,
both cognitive and humanistic dispositions become components of a creative thinker.
According to Ornstein and Hunkins (2009), the essence of creativity arises through ideas
that have novelty in them, and, therefore, standards cannot be created to evaluate it.
In the triarchic theory of (successful) intelligence, Sternberg claims intelligent
behavior emanates from “a balance between analytical, creative and practical abilities,
and that these abilities function collectively to allow individuals to achieve success within
particular socio-cultural contexts” (Sternberg, 2013, p. 1). In the analytical abilities stage,
people evaluate, analyze, compare, and contrast the material pertaining to an inquiry. The
creative abilities then position the researcher to formulate discovery-oriented creative
endeavors. Finally, the practical abilities of the individual allow them to bond everything
cohesively so they can implement their findings in their contextual setting. Thus, the
dominant thrust of the “triarchic theory of successful intelligence is adaptability—both
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within the individual and within the individual’s socio-cultural context” (Sternberg, 2013,
p. 1). In summary, to expound on the relationship between intelligence and creativity,
Sternberg (1988) projected a three-pronged approach to creativity: an intellectual facet,
intellectual style, and creative personal characteristics of an individual. In the intellectual
facet, creativity is explained via the theory of intelligence. Intellectual style represents the
procedure and the manner in which an individual guides personal intelligence. Finally,
the creative personal facet expounds on the attributes of an individual in directing the
inquiry. The significant idea of this theory is that, to be creative, one has to apply
intelligence.
In 1961, James Rhodes (1962) presented the idea of the four Ps of creativity. He
stipulated four distinct parts that inspire creativity in a person: person, process, press, and
product. Person is identified as being creative by the individual attributes that contribute
toward that person’s ability to create. Process represents the cognitive analysis that the
person goes through during creative activity. It entails the initial problem recognition,
followed by the generation of free-floating ideas, honing onto workable concepts and
selecting an idea and finally ascertaining that it produces working results. The third P,
Press, refers to the environment in which creativity takes place. Product is the actual final
result of the creative thought in a tangible form.
Linking creativity to giftedness, Renzulli1979, 1986) proposed three components
essential for developing gifted traits in an individual: (a) “above-average ability,” as
measured by standard testing instruments; (b) “engagement in the task,” as displayed by
perseverance, interest, enthusiasm, and openness to ideas of others; and (c) “creativity,”
which incorporates originality, flexibility, fluency, welcoming of new ideas and risk
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taking, and curiosity. Creativity is an essential component for giftedness (Besançon,
2013). Some researchers consider creativity to be the highest form of giftedness (Runco
& Albert, 1986). Attempts to nurture creative thinking therefore become a part of any
educational gifted program. Divergent thinkers are considered as having the ability to
contemplate a multitude of ways of examining and solving problems (Runco, 1993).
Stenberg and Lubart (1993) in their research found the main aspects of divergent and
generative thinking were exhibited by gifted and creative individuals through the
possession of abilities by engaging in the processes of problem definitions, selective
encoding, selective combination, and selective comparison. According to Ward et al.
(1999, p. 8),“Indeed, the apparent overlap in the cognitive skills required for both
academic giftedness and creative giftedness may explain the high correlation between
measures of divergent thinking ability and the achievement or intelligence measures
typically used to identify the gifted.”
Sternberg and Lubart (1995) recommended six personal attributes were essential
for creativity: intelligence, knowledge, thinking styles, personality, motivation, and
environmental exposure Intelligence has already been discussed above. Knowledge
pertains to the use of formal, informal, or domain-specific knowledge for creative
thinking. Thinking styles refer to peoples' preferred ways of using the abilities they have.
(Chang & Li-Fang, 2011). Sternberg (1988) identified 13 thinking styles based on the
theory of mental self-government. Zhang (2002) re-conceptualized the 13 styles into
three types. Type 1 thinking styles tend to be more creativity-generating. They denote
higher levels of cognitive complexity, including the legislative (being creative), judicial
(evaluative of other people or products), hierarchical (prioritizing one’s tasks), global
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(focusing on the holistic picture), and liberal (taking a new approach to tasks) styles.
Type 2 thinking styles suggest a norm-favoring tendency. They denote lower levels of
cognitive complexity, including the executive (implementing tasks with given orders),
local (focusing on details), monarchic (working on one task at a time), and conservative
(using traditional approaches to tasks) styles. Type 3 styles, including the anarchic
(working on whatever tasks that come along), oligarchic (working on multiple tasks with
no priority), internal (working on one’s own), and external (working with others) may
manifest the characteristics of the styles from both Type 1 and Type 2 groups, depending
on the stylistic demands of a specific task.
Urban (1990) proposed a six-component model for creative processes. He claimed
these work in an intertwined manner, making a composite whole. The six components are
as follows:
1) Divergent thinking
2) General knowledge
3) Specific knowledge and skills
4) Focusing and task commitment
5) Motivation and motives
6) Openness and tolerance of ambiguity
These componential structures are influenced by the conditions detected by the
following:
1) The type of the problem encountered
2) The stage or phase of the creative process
3) The overall environment conditions (e.g., home, school, and community)
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As discussed before, Sternberg and Lubart (1995) extended their concepts on
creativity by devising their investment theory discussed before. They proposed that
creativity involves the coming together of the six resources of an individual: intelligence,
knowledge, style of thinking, personality, motivation, and the environment.
In summary, because of the complex nature of creativity and varying attributes
that contribute to its effectiveness, it is not possible to have one single approach for
measuring it. Lin and Cho (2011) and Teseo (2018) conducted research using the
dynamic system model on students for the six attributes. In this research, the perspectives
of the teachers are examined on the same six attributes.
Creativity Problem-Solving Ability (CPSA)
As stated, due to its complex nature, creativity does not lend itself to any one
specific definition. There are many definitions presented in the research. Guilford (1956)
proposed a distinct construct encompassing originality and divergent thinking. This
proposal introduced the concept of studying creativity both from the psychological and
educational perspectives.
Originality is simply coming up with varied new, different ideas that may or not
end up having any useful purpose or application (Runco et al., 2011). Divergent thinking
in contrast involves the ability to find varied new responses or solutions to open-ended
questions (Palmiero et al., 2020).
The CPSA involves the search for novel solutions to intricate and complex
problems. It requires solutions to problems or identifying breakthroughs outside of
conventional thinking. It inspires one to find innovative new perspectives that result in
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pioneering solutions that can be formulated to overcome obstacles and reach one’s goals
(Team, 2020).
Creative problem-solving ability has been recognized as a significant factor for
success in organizations and personal careers. It is a driving force for innovation and
sustained personal growth. D’zurillaand Nezu (1990) defined it as a cognitive process
based on emotional, and behavioral attitudes, in an attempt for individuals to derive the
most effective reactions to everyday unique problems.
High stakes standardized tests, such as the New York State Regents exams in the
present form cannot necessarily measure creativity (Ornstein & Hunkins, 2009).
Creativity is, according to the authors, “multifaceted” (Ward et al., 1999, p. 133). Among
other processes, the fact that personality attributes and environmental factors lead to
creativity in individuals has-been researched extensively (Ward et al., 1999).
A number of previous research studies to date have placed emphasis on the
significance and “meaning of rational problem-solving processes in order to improve
problem-solving abilities” (Ji Young et al., 2018, p. 122). In this respect, the researchers
have directed their studies largely on the individual problem-solving styles. According to
Kirton (1976), for innovative behavior, individuals can be positioned in an ensemble
ranging from those who show ability to do “better "compared to those who show the
inclination to do things “differently.” In contrast, Jabri (1991) proposed a problemsolving style composed of two independent modes of thinking: “associative " and “nonassociative.” Associative thinkers follow habits or adhere to set routines and rules and use
rationality and logic. Such individuals formulate conventional solutions to problems. No
associative thinkers engage in overlapping varied intuitive cognitive processes
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simultaneously, lack consideration for the established rules and limitations, and place
emphasis on imagination and intuitive behavior. Thus, non-associative problem solvers
are inclined to entertain novel ideas to produce novel solutions for problems at hand. The
researchers then focus on identifying the personality traits that differentiate an intuitive,
creative problem solver from others.
Highly sensitive, disruptive behavior, and divergent thinker are the personality
traits or attributes of creative thinkers, according to Torrance (1963). Other personality
attributes reported by other researchers are nonconformity, independence in thinking,
determination, industriousness, sense of humor, risk-taker, willingness to grow,
flexibility, psychoticism, rebellious, curiosity, tolerance of ambiguity, and playfulness
(Gurak-Ozdemir, 2016).
Cho (2003), in the dynamic system model of creative problem-solving ability
proposed the six attributes necessary for promoting creative problem-solving for
individuals. They include divergent thinking, convergent thinking, motivation, general
knowledge and skills, domain-specific knowledge and skills, and the environmental
factors surrounding the inquiry. Motivation, general knowledge and skills, and domainspecific knowledge and skills form the foundational base for the creative process. In
contrast, convergent thinking and divergent thinking are essential supportive factors that
exist in the creative endeavor. The combined effect of all these attributes creates an
organic system conducive for creative thinking and creative problem-solving ability. The
aim of the current study is to solicit teachers’ perspectives of the dynamic model.
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Creative Problem-Solving Ability in Mathematics (CPSAM)
Mathematical creativity is the ability of “divergent production in mathematical
situations, and the ability to overcome fixations in mathematical problem solving”
(Haylock, 1987, p. 60). Mathematical creativity can be broken down into three
dimensions of divergent thinking: fluency, flexibility, and originality (Gruntowicz, 2020).
It has been established through research that all academically gifted students are
not creatively talented (Hong & Aqui, 2004). As stated by Sriraman (2005), creative
mathematicians constitute a very small subset within the field. At this level, mathematical
giftedness does not necessarily imply mathematical creativity, but, according to him, the
converse is certainly true. The gifted group, according to Renzulli (1977), constitutes the
target group for the promotion of creativity.
The National Academies of Sciences in 2007 identified that developing creative
human resources in mathematics was one of the essential components critical for our
national prosperity. The National Council of Teachers of Mathematics (NCTM)
established standards in 2000 (NCTM, 2000), emphasizing problem-solving in
mathematics. It is important, therefore, to conduct statistical studies to recognize the
attributes of students to identify them as creative problem solvers in mathematics.
Three independent research studies were recently conducted to establish student
attributes that support the creative problem-solving ability of students in elementary and
middle school mathematics.
The first by Lin and Cho (2011) identified five attributes of creative problemsolving ability in math. Based on Cho’s (1999, 2003) dynamic interactive system and the
three stages of Treffinger’s critical problem-solving version 4.0, the five attributes were
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(a) convergent divergent, (b) divergent thinking processes, (c) motivation, (d) knowledge
and skills, and (e) environment. The 409 fifth and sixth graders (56% male and 44%
female) from two elementary schools in Taiwan made up the sample study. According to
the authors’ findings, a confirmatory factor analysis “yielded a well fitted five factor
structure of the creative problem-solving ability inventory.”
The second study by Eric Louis Mann (2005) studied the relationship between
mathematical creativity and mathematical achievement, attitude toward mathematics,
self-perception of creative ability, gender and teacher perceptions of mathematical talent,
and creative ability. According to his findings, the regression model predicted 35% of the
variance in mathematical creative scores. Mathematical achievement was the strongest
predictor, with 25% followed by 12% collective for student attitudes toward
mathematics, self-perceptions, and gender.
Teseo (2018), dealing with six graders in Long Island, New York, confirmed the
findings by Lin and Cho (2011).
Motivation
Research has shown that motivated students are likely to exert extra effort into
learning, stay with activities of longer duration, self-direct themselves toward achieving
goals, and perform better and stay focused on their task. The theory on motivation and
the associated research has a vast history. In many of them, giftedness and definitions of
the gifted even include motivation as a defining characteristic. In his three-ring model of
creativity, Renzulli (1979) also included task commitment and above-average ability as
the motivative characteristics for creative thinkers. On the more educational or
environmental side, there is a growing set of studies examining motivation, especially
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variables related to achievement and motivation, as important outcomes of educational
programs and practices for higher order thinkers (Clinkenbeard, 2012). Broadly,
giftedness has been classified into personal and environmental components. They have to
be considered simultaneously for creativity (Clinkenbeard, 1996, 2006).
At a personal level, the researchers have examined the effect of extrinsic and
intrinsic motivators as related to creative productivity. The extrinsic motivation is based
on the reward and punishment based on individual performance. Better performance is
rewarded for continued progress and performance—for example, incentives given by
teachers in favor of expectations of continued or improved performance. Intrinsic
motivation in contrast is an internal drive of an individual to promote self-interest and
achievement. Guilford (1950) proposed that motivation promoted creative productivity.
Sternberg (2006) and Amabile (1988) emphasized the importance of the intrinsic
motivation to creativity compared to the possible negative effect of extrinsic motivation
on creativity.
Knowledge and Skills
Problem-solving and creative thinking cannot happen out of a void. Specifically,
for creativity in mathematics, the candidates’ foundation in domain-specific prior
knowledge and developed problem-solving skills are essential and prerequisite building
blocks. Guilford (1950) accentuated the pivotal role of knowledge for creative thinking
by expressing that, creative people, in his opinion, cannot progress without prior
knowledge or experience in the study at hand, and creative knowledge is impossible to
create in a vacuum. Our interest in creativity was established through the background
information that we accumulate over the span of our lives. Pressley (1998, p. 186)
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claimed, "Explicit teaching of skills is the beginning of a constructivist process for young
learners.” Marzano (2007, p. 59) stated that Pressley was making a reference to specific
knowledge, and his comments are applicable to all knowledge. He further stated,
students must have a sound foundation on which to build new awareness. New
awareness is forged through repeated exposure to knowledge. Exposures
involving practice and knowledge-deepening activities are the focus of this design
question. (p. 59)
Amabile (1988) identified this attribute as a domain-relevant skill and claimed it
as essential for creativity. She elaborated that skills in a domain of any activity are
contingent upon innate cognitive, perceptual, and motor abilities, as well as upon formal
and informal education. Ward etal. (1999) proposed that exploring the continuity of
creative concepts through the lenses of preceding creative cognition approaches of
individuals can provide an understanding for the manner in which people construct their
new knowledge in exhibiting their creativity.
Convergent Thinking and Divergent Thinking
Since the pivotal address by Guilford (1950), creativity has been intellectualized
as having cognitive processes that include divergent thinking and convergent thinking. A
divergent thinker exhibits the ability to explore in an expansive, multidirectional way
thought processes for seeking solutions to problems. Convergent thinkers in contrast
demonstrate the ability to focus on homing in to one answer that is pertinent to the
inquiry (Lubart, 2016). Researchers, specifically the ones interested in investigating the
creative problem-solving (CPS) abilities of individuals, espouse both convergent and
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divergent thinking as essential components of creative thought processes (Isaksen &
Treffinger, 1985).
Generally, creativity is measured by the use of creativity tests that focus on
divergent thinking. The participants in these tests respond in a manner that generates
numerous original ideas for seeking solutions to answering an inquiry. In this respect, the
Torrance Test of Creative Thinking, or the Wallach and Kogan Creativity Test are
commonly used (Torrence, 1974; Wallach & Kogan, 1965). Early research identified the
cognitive process as creative only if they came through divergent thinking (Fink et al.,
1992). Therefore, during that time, evaluations of creativity were determined by the
novelty, fluency, and flexibility of ideas as the hallmarks of divergent thinking
(Harigtaipan et al., 2018).
More recently researchers have conceptualized that creativity comprises two
cognitive processes: divergent thinking and convergent thinking (Michael, 1999). At the
beginning of any creative thought processes, divergent thinking takes a predominant role
because, at this stage, free floating, uninhibited ideas have to be used to charter the
realms out of conventional thinking. To hone into the final selection of ideas and then the
final solution, convergent thinking processes play a central role. In any inquiry, there is a
dynamic exchange between the two thought processes and possibly a continuous
movement between the two until the final resolution of the problem. Recent tests have
been developed for assessing the integration of these two thought processes via a battery
of tests called the Evaluation of Potential Creativity (EPoC). The EPoC assessment is
thus a measure of both convergent-integrative thinking and divergent-exploratory
thinking in each domain measured (Lubart, 2016).
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Environment
Environment is a component of Cho’s dynamic system model (Lin & Cho, 2011),
and research has considered family involvement as an environmental factor contributing
to the achievement of gifted students. The results showed a direct relationship with
achievement in math and an indirect relationship with problem-solving ability, as
measured by MCPSAT scores.
Creativity is a natural personal resource of individuals. Many “factors” contribute
toward its fruition. It is a “key factor” for nurturing and developing individual creative
thinking processes. The researchers wanting to understand the relevance of
environmental factors to creativity, seek to identify the physical and social environments
that would promote creativity. Thus, they claim that creativity is connected to family,
school, and society (Garces et al., 2016).
It has been established through research that high-quality learning cannot be
effectively achieved without the committed participation of parents in their children’s
education (Davies et al., 2013). Research has shown that parents’ involvement in their
children’s education has positive effects on their academic achievement. To recognize
and encourage parental participation, an eighth goal was included in legislation passed by
congress in 1994 called Goal 2000: Education America Act. The aim of the legislation
was to increase parental involvement in schooling and education. It called upon schools
to institute programs and policies to invite active parental and family engagement in
support of the academic progress of students (Education U. S., 1998).
The level of education attained by the parents has shown to be a significant
predictor of the students’ outcomes with respect to their academic performance and
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behavioral patterns (Davis-Kean, 2005; Mji & Mbinda, 2005). The parents then selected
specific type of participation in their children’s academic work based on their own
expertise and developed skills. The ultimate academic end result of this participation was
the development of children’s skills and knowledge, as well as a personal sense of
efficacy to succeed in academic work (Kathleen et al., 1995).
There have been numerous studies regarding this topic pertaining to mathematics,
science, and technology. The encouragement for children in their thinking skills with
proper emotional support at home can result in a positive association with student
performance in mathematics. Parental expectations of their child’s academic performance
are strongly associated with higher student achievement in mathematics (Mji & Mbinda,
2005). Cook et al. (2006) supported their parents’ contributions in cultivating talent and
development creative minds. According to them, the parental involvement of children
would bring them up to be healthy and encourage them to be creatively productive,
independent learners.
The parents can advance their children’s creativity by providing the physical
space at home that promotes learning and academic achievement such as a separate study
room. They have to promote family member interactions that encourage social and
intellectual advancement and help students achieve self-confidence, which is so essential
for the development of creative thinking. Last but not the least, the parents need to make
resources such as the computers available solely for the use by the child (Khan et al.,
2019).
The school environment is another contributory factor that will either promote or
thwart development creativity. A two-year study of 200 students in France revealed that
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the general culture and learning environment created by schools accounted for the
variance in the creative performance scores of students, as measured by Torrance Test of
Creative thinking, the test that is designed with divergent thinking tasks in its formulation
(Besancon & Lubart, 2008).
In their literature search to examine research related to the key environmental
attributes and conditions that contribute to the development of creative skills in students,
Davis et al. (2013) reported that they cover three main themes: the physical environment,
the pedagogical environment, and the role of partnerships beyond school. They
recommend that the classroom physical environment should be an open, free space that
affords free movement for students and should be equipped with resources that promote
interactive, hands-on engagement by students. Outdoor activities in this respect have also
shown to be effective tools to promote creativity.
Teachers are mainly responsible for instituting pedagogies that promote creative
thinking and problem-solving abilities in their students. In their literature review on this
subject matter, Davies et al. (2013) found substantial verification that giving individuals
control of their own learning enhances their risk-taking ability, which in turn advances
creativity for solving problems (Burgess & Addison, 2007). Cooperative learning is a
teaching tool that can be pedagogically implemented by teachers to encourage dialogue
and knowledge sharing among students. Louca et al. (2014) claimed that pedagogies that
focus on empowering students through cooperative learning promote creativity in
education. According to Bray (Bray, 2011; Sharma, 2015), teachers have to create a
learning environment that establishes feelings of comfort to take risks in the decisionmaking process, as well as participating in questioning and upholding their positions. In
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cooperative learning, reciprocal exchanges between participants (King, 1994) encourage
students to be critical thinkers and thus make them creative individuals.
Another strategy that can be propagated in teaching environments in schools is
that of contriving to construct open-ended questions in the pedagogical construct. Openended questions promote critical thinking because there is not just one answer. The
students are encouraged to seek solutions through varied possibilities to arrive at
solutions to problems. This opens up the doors for free creative thinking processes
beyond the accepted norm and empowers students to freely express themselves,
bolstering their self-confidence (Young, 2016; Zolfaghari et al., 2011).
Teachers’ Perceptions of Creativity
Teachers play a vital role in the education system of students under their charge.
Therefore, their perceptions and attitudes are pivotal to students’ advancement in their
academic endeavors. The evaluation of the teachers’ understanding of characteristics
important for creativity in students normally fall into three realms: disposition of the
students as creative thinkers, their personality traits that promote their creative ability,
and their personal motivations that propel them to be creative. With respect to the
disposition of the student as a creative thinker, the teachers include the attributes of
students’ being innovative and inventive; having a plethora of ideas; being free to express
thoughts; being imaginative, unique, or original; or thinking differently, outside the box.
For the personality traits, they include attributes such as the student being curious or
inquisitive, having wide-ranging interests, being welcoming to new experiences and
independent, and being a nonconforming thinker, confident, assertive, open to taking
risks, and individualistic. Motivation is claimed by teachers to be the most important
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attribute for creative students. They describe such students as being driven by ambition,
initiatives, determination, perseverance, diligence, enthusiasm, activeness, and energy
(Gurak-Ozdemir, 2016).
Research regarding teachers’ perceptions of creativity have had limited
undertaking (Diakidoy&Phatiaka, 2002; Kampylis, 2010; Kampylis et al., 2009).
Therefore, ithas become imperative to understand how that affects students’ creative
thinking (Kampylis et al., 2009) so that a determination can be made about the teachers’
perceptions regarding identifying characteristics for creativity in their students. A
comprehensive study thus needs to be undertaken (Gurak-Ozdemir, 2016). In the present
study, an attempt is being made to understand the perceptions of teachers on the student
attributes essential for creativity.
Conclusion
Teachers are pivotal for student achievement and academic progress. Various
researchers have attested to this fact. Therefore, it is important to understand the teachers’
perspectives on the root of this research to understand teachers’ perceptions of the
attributes that contribute to CPSAM.
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CHAPTER 3: DESIGN AND METHODOLOGY
The purpose of this study, under the overarching constructivist paradigm (Guba &
Lincoln, 1994), was to make a thematic, deductive qualitative study to investigate
teachers’ perceptions of the association of CPSA attributes of students, as described in
the dynamic system model (Lin & Cho), to their CPSAM. It was formulated as
naturalistic inquiry. Thus, it is descriptive in its construct, “Naturalistic inquiry, thematic
analysis and interpretive description are methods that depend on constant comparative
analysis processes to develop ways of understanding human phenomena within the
context in which they are experienced” (Thorne, 2000, p. 68).
This chapter contains the description of methods utilized in answering the
research questions. The sections included in this chapter are as follows: research
questions, research design, participants, instruments, data analysis, role of the researcher,
ethical considerations, and limitations related to the research topic.
Methods and Procedures
Research Questions
1. How do the teachers perceive the legitimacy of the creativity attributes stated in the
dynamic system model of creative problem-solving ability for their application in the
mathematic domain?
2. Based on their teaching experience, what are the perspectives of the teachers on these
attributes and relations among them for CPSAM?
3. Would teachers consider a chronological, hierarchal order for the placement of the
attributes?
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4. Are there any reflections and/or recommendations on the DSM that teachers would
like to present?
Research Design
The qualitative research was selected for the study specifically to determine the
meaning that people offer to their experiences in real-life situations (Merriam, 1998)—in
this instance to seek the perspective of teachers on the applicability or otherwise of the
student attributes described in the dynamic system model (Lin & Cho, 2011) to the
attributes essential for CPSAM. The researcher utilized a qualitative design to seek to
understand how individuals make sense of their domain of existence and experiences.
The foundation of qualitative research is based on the interpretive approach to reflecting
on social reality in recounting the events that human beings have experienced in their
lives (Mohajan, 2018). Qualitative methods thus provide the researchers an opportunity
to make an inquiry of issues or a phenomenon through a predefined systematic,
established set of practices with the objective of answering the research questions. Thus,
qualitative research provides a complex textual account of how individual people relate to
phenomena under study (Mack et al., 2005).
Thematic Deductive Analysis and Naturalistic Inquiry
The current research was conducted under the overarching constructivist
paradigm, with a thematic deductive approach to effectively addresses the research
related to the subjects’ experiences, or their views and perceptions (Braun & Victoria,
2008), expressed through interviews and survey responses. Naturalistic inquiry locates
the venue for the conduct of research in the location where subjects develop their views
and experiences. In this case, the school where they teach. The participating group, as a
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school administrative policy is expected to formulate pedagogies that instill, nurture, and
advance the creative problem-solving abilities of their students. Additionally, once a
month, approximately for 1 hr, the teachers should attend professional development
training sessions to assist them in formulating their lesson plans; and they should be
provided resources that would enable them to achieve this objective. The deductive part
of the analysis provided an accommodation for coding and theme development, as
directed by the inquiries in the research questions (Braun & Victoria, 2008). Thus, in the
research study, themes were extracted from responses to these questions.
Participants
All the participants were from one high school located in the suburbs of the
northeastern United States. Their experiences and feedback added insight to the research
questions posed to them for this study. The interpretive constructivism, within the overall
naturalist paradigm, contends that people express their opinions based on how they view
the “world around them . . . interpret what they encounter, and how they assign meanings
and values to events or objects.” (Rubin & Rubin, 2012, p. 19). The people interpret and
formulate their expectations based on their experiences and then they share them with
others according to their understanding of the situations they encounter
The participants in this study had over 10 years of experience teaching advanced and
higher-level courses in mathematics and sciences, or they engaged in science research or
supervising higher order learners in various regional competitions in math after-school
clubs. The last three were from different fields of expertise—but still with over 10years
of experience. It was envisaged that such a group of candidates will have firsthand
experience in developing, nurturing, and encouraging the creative approach in teaching. It
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is this ethos imparted by the school administration that encourages teachers to develop
their pedagogies to encourage creativity and rigor for students in all area of their studies.
Based on the New York State Evaluation Standards, the teachers in the subject are rated
for their effectiveness twice annually. In the school of interest, 95% of the teachers are
rated “highly effective” according to the Danielson-based evaluation (Appendix G).
Teachers are further provided incentives through in-service credits to improve their
pedagogies to align with instilling creativity in students and receive increased
remuneration corresponding to the credits earned. Thus, the selected group of teachers in
this study was highly qualified to provide their perspectives related to the research here.
The participants’ pseudonyms and demography are provided in the table below:
Table 1
Teacher Demographics and Pseudonyms
Teacher
Gender
Identification
1
Male
2
Male
3
4
5

Male
Female
Female

6
7
8
9
10

Female
Male
Female
Male
Female

11
12
13
14
15
16
17

Female
Male
Female
Female
Male
Female
Male

Years of
Course Level Taught or
Pseudonym
Experience Involvement in Activities
18
Science Research
John
21
Mathlete, Regional
Eric
competition
22
AP Calculus
Brian
23
AP Statistics (Math)
Valarie
20
AP Computer Science
Susan
(Math)
19
AP Biology
Crystal
19
AP Physics
Musa
15
AP Earth Science
Fatima
22
AP Chemistry
Arif
12
Algebra 1 Honors Teacher
Yasmin
1
16
Algebra 1 Honors Teacher 2 Rebecca
25
Algebra 2 Honors Teacher 1
David
30
Algebra 2 Honors Teacher 2 Melanie
30
Algebra 2 Honors Teacher 3
Lauren
18
Geometry Honors Teacher 1 Benjamin
18
Geometry Honors Teacher 2
Jenifer
31
Pre-Calculus
Zahair
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Teacher
Gender
Identification
18
Female
19
Female
20
Female
21
Male
22
Male
23
Female
24
Female
25
Female

Years of
Experience
21
21
35
30
12
13
21
28

Course Level Taught or
Pseudonym
Involvement in Activities
Physics Honors Teacher 1
Erica
Physics Honors Teacher 2
Rosemary
Chemistry Honors Teacher 1
Ruth
Chemistry Honors Teacher 2 Michael
Earth Science Honors
Edward
Resource Room Teacher
Jamaica
AP United States History
Shirin
AP English Literature
Sera

Overall, the participants in this study were 60% female and 40% male.
Moreover,48% taught math, 40% science, and 12% miscellaneous.
Sampling Method and Criteria
First, 20teachers, through purposeful sampling, were selected to participate in the
research, and they were requested to recommend the names of colleagues who fit the
qualifications profile expected for this study. The total then came to 35. Saturation was
reached with 25 of them, and, with the rest, the themes became repetitive. Thus, the final
count of the participants was 25 for this research work. Thus, 25teachers were included in
the final data collection based on purposeful and convenience sampling, snowballing, and
reaching saturation.
Data Collection and Strategies
After receiving IRB and school administrative approvals, the data were collected
via email surveys followed by in-person semi structured interviews. Upon volunteering to
participate, each elected candidate was provided via email with a copy of the six research
questions and were requested to respond by explaining, in detail, their comprehensive
recourse for each of their responses.
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Demographic questions were included at the beginning of the email, mainly to
establish the teaching experience and the credentials of the participants. Telephone
numbers were provided for anyone requiring clarification for completion of the survey.
Instrumentation
Pilot Study
The researcher conducted a pilot study in summer 2020, with the first formulation
of the research ideas and research questions with three teachers. These teachers
recommended the theme of the research for the dynamic system model, with a short
explanation provided because the participants may not be aware of it. The other feedback
gained from this pilot study was that, in the hierarchal research question, the teachers
were invited to explain, in detail, the pedagogical strategies that they can incorporate to
advance CPSAM in the students. That created the scope of the study. As a result, the
demographic questions were included with the research questions so all the participants
would become familiar with the context of the research and later be able to engage in a
meaningful interview with the researcher (Janghorban et al., 2014). A tabulated format
for answering the open-ended research questions in a written form evolved from the
discussions with the three teachers. The complete data collection process was emulated
with them and then released to all the participants.
Interviews and Written Responses
In this research, the written responses of the participants to each of the semi
structured interview, open-ended questions were initially solicited via email. Due to
COVID-19 restrictions, in-person interviews could not be undertaken because the
research location site was closed. In such situations, with the advances in technology,
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modalities other than face-to-face interviews for data collection have gained ground.
Multiple options such as telephone, videoconference, email, and text messaging “for data
collection now exist” (Hawkins, 2018). The majority of the respondents in this study
indicated a preference for email and telephone interviews. According to Bowden and
Galindo-Gonzalez (2015), email interview responses tend to be pertinent and precise and
“relevant” to research (Hawkins, 2018).
This certainly proved to be the case in this research process. The email interviews
resulted in 6 to 10 single-spaced pages of transcripts for each respondent. They were
easier to amalgamate and document. Telephone discussions were undertaken with five
instructors of mathematics and five of science, and respondents who discussed and
authenticated the information extracted from email were indeed representative of their
perceptions related to the research and were being correctly interpreted.
The instructions in the “consent to participate” form that they had previously
filled out were reiterated to the participants. They were reminded of the purpose of the
study, expected benefits of the research, that they had the right to withdraw their
participation at any time, and the protection of confidentiality.
The electronic interview began by presenting the teachers with the research theme
and the explanations of the dynamic system model, followed by the six open-ended
interview questions in a tabulated form (Appendix C). They were requested to respond to
each in a detailed descriptive form. It was interesting that some of the respondents had
attended workshops related to developing CPSAM (Appendix D) and provided extremely
concise and informative data. In a substantial majority of the cases, a minimum of two,
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and, in exceptional few cases, three email passes were required to complete the
interviews.
Data Analyses
Coding
A priory template of codes approach for a deductive type of coding as delineated
by Crabtree and Miller (1999) was adopted in this study. The task of coding began by
adhering to the recommendations by Crosly and Jasen (2020) of making a list of codes
previously established that conform to the conceptual framework of the research
questions. They proposed that such coding can be based on the research questions.
This approach facilitated streamlining the entire coding process and enabled the selection
of themes with ease and within the time constraints placed due to the task completion
deadlines.
Reliability and Validity
The reliability and validity for this qualitative research was established by
adhering to the trustworthiness criteria delineated by Lincoln and Guba (1985). These
criteria are credibility, dependability, conformability, and transferability.
Credibility
The threats to credibility were abated by the member-checking process
implemented throughout the research. The format of the initial invitation to the
participants was reviewed and jointly prepared by the researcher and two candidates
among the would-be participants. These same teachers were invited as outside reviewers
to establish the conformity of the themes with the data text.
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Triangulation
The credibility criterion was further enhanced by methods triangulation and
triangulation of sources. In the first instance, 10 of the 25 participants in the research
were also interviewed by phone to ascertain that the researcher’s interpretation of their
email submissions was credible. Inclusion of teachers of different disciplines and varied
experiences within the same discipline provided the opportunity for comparing
candidates with different perspectives, a triangulation of sources.
Dependability
Dependability was established by a colleague through an external audit. The
findings were considered consistent with the collected raw data by the auditor. The email
interviews provided an opportunity for follow-up inquiries to clarify and expound on the
first email responses in the data collection. They were concise and easy to organize to
match the previously identified themes. A minimum of at least two passes were possible
due to the time constraints of the participants. Member checking for conformability was
thus possible through these exchanges The responses were read and reread by the
researcher to ensure the participant responses were exactly represented.
Transferability
This can only be determined by future researchers. The task here that remains is
sufficient detailed records at every stage of the current study. According to Lincoln and
Guba (1985, p. 316), “It is, in summary, not the naturalist’s task to provide an index of
transferability, it is his or her responsibility to provide the data base that makes
transferability judgments possible on the part of potential appliers.”
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Role of the Researcher
The researcher is a teacher in the high school where the participants also teach.
This disposition enabled me to interact personally with a population I was acquainted
with and thus was able to select participants according to their suitability to the intended
research here. The researcher’s interest in the research topic emanates from the years of
personal involvement in developing pedagogies to promote student understanding
through discovering learning, where the participants construct their independent
meanings and resolutions to solving problems in mathematics. According to Marshall and
Rossman (2006, p. 58), the “reflection on one’s identity and one’s sense of voice and
perspectives and considering assumptions and sensitivities are key to the researcher’s
choice of questions and researcher’s role.” As discussed before, credibility of the research
was always safe guarded.
Ethical Considerations
This research study did not pose any extraordinary risks to the participants. They
were informed of the purpose of this research, as well as, through an interactive dialogue,
their specific inquiries and need for elaboration on any aspect of the project. The
participation was completely voluntary.
Limitations
The subject school of the participating teachers was essentially made up of ethnic
minority students. The results may not have universal application. Because of the
pandemic, free access and face-to-face interviews were impossible. The email interviews
had limited scope because they were not spontaneously interactive and tended to be more
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time consuming and dependent on how often the participants were willing to or had the
time to respond to follow-ups.
Conclusion
The methods and procedures used in investigating the teachers’ perspectives on
the attributes of CPSAM were presented in this chapter. The thematic method of
qualitative analysis formed the construct of the research. Data sources mainly included
email interviews. Establishing trustworthiness and ethical concerns of the proposed
research were also included in the discussions. The research findings are further
discussed in chapter 4.
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CHAPTER 4: RESULTS
The results of the data analysis for this qualitative study are presented in this
chapter. The purpose of the study was to understand the teachers’ perspectives on the
application of the DSM for the attributes essential for CPSAM. A purposeful, convenient
sampling technique was used. The selected candidates had to have a minimum of 10years
of teaching experience and were engaged in offering higher level courses.
After agreeing to participate, each candidate was forwarded an email containing
the demographic questionnaire and the interview questions. Responses were requested
within 2weeks. The interview questions were semi structured and consisted of openended questions. The current research was led by the following research questions.
1. How do the teachers perceive the legitimacy of the creativity attributes stated in the
dynamic system model of creative problem-solving ability for their application in the
mathematic domain?
2. Based on their teaching experience, what are the perceptions of the teachers on these
attributes and relations among them for CPSAM?
3. Would teachers consider a chronological, hierarchal order for placement of the
attributes?
4. Are there any reflections and/or recommendations on the DSM you would like to
present?
Teachers’ perceptions of their students’ academic abilities and skills generally
play a central role in advancing student achievement, motivation, and engagement in any
subject of study. Areepattamannil and Kauris (2013) reported a positive link between
teacher perceptions and their students’ mathematical accomplishments, attitudes
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regarding mathematics, and commitment to learning in mathematics. Thus, the authors
reported that students whose teachers held positive perceptions of their students’
academic performance outperformed the students whose teachers did not hold positive
perceptions of them.
Additionally, quantitative studies for the applicability of the DSM to CPSAM
have been completed in the past that were centered on the students as the subjects of the
studies (Lin & Cho, 2011; Teseo, 2018).The current study, through the research
questions, intended to investigate teachers’ perceptions on the applicability or otherwise
of the DSM to students’ CPSAM. The distinct a priori themes and subthemes that were
extracted from the research questions are tabulated and itemized below.
Table 2
Themes for Each Research Question
Research Questions
RQ1:
Teacher perceptions of
applicability of attributes in the
DSM to CMSAM
RQ2:
Teachers’ reflections on
attributes, based on personal
experience

Themes
Creative problemsolving ability
Problem-solving
ability in
mathematics
Overall applicable

Subthemes

An overlapping
association between
DSM and CPSAM

Base for CPSAM,
prior knowledge,
motivation, divergent
thinking, and
environment
Divergent thinking is
critical.
Convergent thinking
not essential, inhibits
creativity process

51

Research Questions
RQ3:
Would teachers consider a
chronological, hierarchal order
for the placement of the
attributes?

Themes
Hierarchal order
needs to be
considered

Subthemes
Environment the
single most important
attribute
Teacher’s role in
parental involvement
Public resources:
Accessibility and
availability
School administration
and teachers’
contributions
Knowledge and
skills: Second most
important
Motivation and
divergent thinking:
Third important.
Convergent thinking:
Not needed
Chronology
Placement of
attributes

RQ4:
Reflections and/or
recommendations on DSM

Add
Omit
Good as is
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Research Question 1
RQ 1: How do the teachers perceive the legitimacy of the creativity attributes
stated in the dynamic system model of creative problem-solving ability for their
application in the mathematic domain?
The general consensus of the respondents was that the attributes proposed by Cho
in the dynamic system model for creative problem-solving ability (CPSA), namely
convergent thinking, divergent thinking, motivation, general knowledge and skills,
specific domain knowledge and skills, and environment, exactly fit the attributes that the
students need to possess for creative problem-solving ability in mathematics (CPSAM).
The respondents, Crystal, David, Lauren, and Jamaica elucidated that DSM has to exist
for any type of discussions on CPSA. They explained that problem-solving ability in
mathematics requires thinking from many different areas. Problem-solving ability
requires a base, as in the model. There needs to be motivations, as well as general
knowledge. When all these attributes work together, that is when critical thinking takes
place—a culmination, so essential for creative solving ability in mathematics, occurs.
Benjamin and Jenifer added that the model encompasses all the attributes necessary for
the students to have to optimize creative problem-solving ability in mathematics.
Candidates John, Eric, Brian, Valarie, Zahair, and Edward expressed the opinion that all
models are perhaps too simple to capture all the succinct aspects of creativity. Creativity
is not easy to define because the multitude of attributes and attitudes, both intrinsic and
extrinsic, influence human cognitive and social behavior and higher order thinking and
achievement. However, they all agreed that CPSA attributes can equally apply to
CPSAM. John explained that, although the DSM for the attributes stated in the creative
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problem-solving ability in mathematics embodies the attributes essential for creative
problem-solving ability in mathematics, it is perhaps too simplistic a representation.
Creativity is not easy to define and cannot be completely captured in a simple model. It
encompasses multiple cognitive responses and attributes, both intrinsic and extrinsic, that
inspire higher order thinking and achievement.
Research Question 2
RQ2.Based on their teaching experience, what are the perceptions of the teachers
on these attributes and relations among them for CPSAM?
All the participants agreed with the fact that, overall, creativity in any field
requires the essential attributes described in the dynamic system model—more so in
mathematics due to the conceptual nature of the subject. Due to challenges that students
face in mathematics, prior knowledge (domain specific and general), motivation and
environment become essential foundational blocks. Without these attributes, students will
fail to achieve higher goals in any creative endeavor they would want to participate in,
especially in mathematics. However, the teachers associated with courses in mathematics
minimized the place of attribute of convergent thinking in CPASM to a lower
requirement.
Eric stated that creativity in any field, not only in mathematics, will conform with
the attributes identified in the dynamic system model. Specifically, in mathematics, due
to the conceptual nature of the field, students in our school find it challenging to deal
with it. Ipso facto, prior knowledge, motivation, and environmental attributes play an
important role for students’ creative thinking and higher order achievements in
mathematics. Cognitively, divergent thinking ability is an extremely essential attribute.
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Convergent thinking in contrast is a constraint that can inhibit expansive cognitive
engagement in creative thinking. Convergent thinking should not be a part of creative
problem-solving in mathematics.
Research Question 3
RQ 3. Would teachers consider a chronological, hierarchal order for the
placement of the attributes?
Teachers ranked the environment as the single most important contributory
attribute essential for CPSAM. They expressed this to be applicable to creativity in any
area or engagement. Essentially, they explained that first and foremost, having a home
environment conducive for learning is essential to promoting the creativity of an
individual. Participant Arif explained the environment is the single most important
contributory facet for creativity to take root. The environment can include the home,
school, and teacher interactions and the quality of available public resources such as the
library.
As a starter, the home environment has to be extremely conducive so it will promote
creative thinking. For example, overcrowding in the house can result in a lack of isolated
space for free, uninhibited creative thinking and learning. After that, parental
involvement would be the next necessary component for providing support to their
children’s desired engagement in creativity. The level of education of parents, therefore,
in my opinion, may play an anchoring role, not only in this respect but also in the general
academic performance of the students.
The parental involvement in the students’ lives was considered by all the teachers
a primary contributor not only for promoting creativity but also for daily good academic
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and social performance. The parents 'level of education was also included in the teacher
comments as a requisite environmental need. Susan said she strongly holds the opinion
that the value parents attach to education is of great importance. From her experience, in
some ethnic communities, for example, there are parents who hold to the notion, as
explained to me by the students themselves, that female members of the household need
not educate themselves because they have to prepare for being housewives. The parents’
level of education of course may help eliminate inclinations toward such notions. Valarie
added that parental level of education will promote inquisitive natures in children from a
very early age. They would be more likely to engage in activities such as frequent visits
to the museums, libraries, and bookstores and provide adequate resources at home to
instill educational values to nurture and develop thoughtful processes—which could be a
precursor to generally developing creative thinking.
Overall, the consensus was that the home environmental component has to be
well-balanced, so they become supportive instruments of progress. Improperly
implemented, they could very well cause impediments to students’ mathematical ability.
Easy access to and availability of strong public resources such as the library was
identified as an essential component because such resources can help mitigate the
shortfall in the resources at home. John held the view that, because his school is an ethnic
minority community and the family may not have home computers or may have just one
computer to be shared by two or more siblings in the family, the library may provide a
helping hand.
The school administration and the teachers’ contributions to promoting creativity
were also selected as essential environmental factors by the participants. Rebecca praised
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the school administration as playing an integral role in setting the policies and plans to
establish and encourage a positive, inclusive mathematics learning environment. These
plans include the provisions of appropriate resources for both the teachers and the
students. They also have a proper teacher evaluation process that encourages high
performance by the teachers in cultivating and promoting creativity in their pedagogies
and collaborative feedback for adjustments or enhancements of teaching practices and
content. To promote teacher personal development, the evaluation process has received
the highest consideration by the administrators in the school. As a result, despite being a
school with a high ethnic minority population, a pool of teacher expertise has been
established to include numerous AP courses in school course offerings, The Danielson
evaluation model (Appendix G) for encouraging creativity in learning and teaching is
conducted twice a year for teacher evaluation. The distinguished status is only achieved
by teachers who have student-driven pedagogies. I have attached a pertinent selection of
the Danielson model and the related descriptions. Additionally, one month professional
development sessions are held for teacher support to enhance their professional growth.
To aid teacher-to-student interactions, as laid out in the Danielson evaluation
model, lesson plans prepared by the teachers were among the common themes forwarded
by all teachers. Essentially, they emphasized that teachers should stimulate student
interest for subjects at hand through the proper execution of lesson plans.
Melanie and John recommended that, to be effective, the lesson plans should be
formatted based on Bloom's taxonomy to promote higher order learning based on openended inquiry and discovery learning. John also came strongly in support of Bloom’s
taxonomy. He stated, "It is so critical and creative higher order thinking is encouraged, I
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always make my lesson plans based on Bloom’s taxonomy (Figure 3). I use it as my
lesson planning tool to include the cognitive processes that inculcate creativity in my
pedagogy."
Figure 3
Bloom’s Taxonomy, as Cited by John

In their opinion, pedagogies based on the taxonomy promote the engagement of
students to divergent cognitive processes that play a pivotal role in advancing creativity
in mathematics.
“Knowledge and skills” were ranked as the next attribute essential to promoting creativity
in mathematics. Teachers projected as their opinion that interest in mathematics will fail
to develop without the prior domain-specific knowledge and skills in mathematics.
Valarie explained it has become quite clear to her from her teaching experience that
students will not excel or create new knowledge and creativity in mathematics in a
vacuum without the foundation of the knowledge and skills developed in the past. Very
often during the class period she has to interrupt the lesson plan to fill the knowledge gap
before continuing with the lesson.
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Motivation was ranked third by all the participants. This personal trait was
universally accepted as an important attribute to propel the students to higher goals and
achievements. Situated in an environment conducive to learning and having good
foundational prior knowledge, the self-motivated student will have the drive,
perseverance, and risk-taking ability for creative thinking. John said that, from his
teaching professional experience, the students in the current educational system often
were rewarded for answers to questions using set steps and set precepts, discouraging
motivation for exploring risk-taking engagement in exploratory solutions with the fear of
ending with the wrong answer. Motivation is enhanced by creating the awareness for
students of the concept of attributing value to the project at hand for reaching their
desired goal. The students then are motivated to develop skills essential for achieving
creativity in mathematics. Brian added he would place motivation as third in the
hierarchal order of attributes. He believes both extrinsic and intrinsic motivation play an
important role for creativity in mathematics. Extrinsic motivation would have the shortterm goal of achieving immediate results, as “praised behavior” as an external stimulus
would be repeated. However, for creative thinking, the intrinsic motivation would be
extremely important for developing enduring long-term goals and executing them to their
final conclusions. Intrinsic motivation engages students and energizes them through selfpropulsion to achievements consistent with creative thinking, synthetic thinking, risk
taking, and analytical approaches to seeking solutions using different pathways.
Motivated students will pose continuous questions and revisions to arrive at solutions to a
problem.
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The consensus among the teachers of mathematics was to pair divergent thinking
with motivation, going hand in hand. Convergent thinking was excluded from their
model. Eric explained that motivation actually would compel students to be divergent
thinkers. A motivated student would be exposed to divergent thinking skills through reallife experiences to be creative thinkers. He excluded convergent thinking as a requisite
trait for creativity in mathematics. This may be the first stepping stone to later expanding
to a state of divergent thinking. The New York testing standards in mathematics greatly
promote convergent thinking that thwarts students’ creative thinking abilities. It is
frustrating that we, as teachers, are forced to teach for the test and not teach the content.
Students are taught cookie-cutter approaches to solving problems in mathematics by rote
memorization. Any deviation from it, and the students cannot solve the problems. This
does not promote divergent thinking for creativity.
High stakes exams set by New York State, in the opinion of some teachers,
inadvertently promote convergent thinking, which in turn makes the learning of
mathematics simply an act of memorizing a set of rules. They therefore rejected the
inclusion of convergent thinking as a positive attribute.
Brian holds the view that, although the intent of the curriculum developed for the
standardized high stakes exams is to evaluate students’ knowledge base through
assessment, if at all, standardized tests, at best, can only evaluate rote knowledge. They
have not been designed to evaluate creativity, problem-solving, or critical thinking. The
teachers are coerced into teaching for the test and not the content. This approach
promotes convergent thinking that is so detrimental to creativity through divergent and
critical thinking in mathematics.
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Valarie, Musa, Fatima, in contrast, did not consider there to be any hierarchal
order in the placement of the attributes. They believed all the attributes were entwined
and therefore they performed them together as a cohesive unit. Although students do need
basic and prior knowledge to solve problems, the other attributes are not necessarily
ordered in any particular order that would affect critical thinking skills.
Research Question 4
RQ 4. Are there any reflections and/or recommendations on DSM you would like
to present?
In the interview, the teachers were asked if, in their opinion, there were any other
attributes that should be considered in this context and if they would recommend a
modification to or creation of their own DSM.
Generally, all the candidates approved of the attributes in the DSM for use for the
attributes in CPSAM. However, in their opinion, it is somewhat simplistic. To be
complete, it has to include personal traits.
John explained the dynamic system model is a good match for creative problemsolving in mathematics. However, for him, it appears to be broad and general. A detailed
version with the inclusion of personal traits such as perseverance, risk-taking, problemsolving/problem posing should be explicitly included as necessary parts of the final
model.
For the modification or creation of their own DSM, all but two participants
endorsed Cho’s presented model. However, they recommended that an environmental
component was missing from the model.
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Yasmin added stakes to the tree trunk in the dynamic system model to provide
support/scaffolding for those who have a learning disability that makes problem-solving
more challenging. This section of our population should not be bypassed in developing
creative problem-solving ability in mathematics. She extracted a list from the internet that
could represent stakes/scaffolding.
•

Avoid memory overload. Assign manageable amounts of work as skills are
learned.

•

Build retention by providing review within a day or two of the initial learning of
difficult skills.

•

Provide supervised practice to prevent students from practicing misconceptions
and "misrules."

•

Make new learning meaningful by relating practice of subskills to the
performance of the whole task.

•

Reduce processing demands by pre-teaching component skills of algorithms and
strategies.

•

Help students to visualize math problems by drawing.

•

Use visual and auditory examples.

•

Use real-life situations that make problems functional and applicable to everyday
life.

•

Do math problems on graph paper to keep the numbers in line.

•

Use uncluttered worksheets to avoid too much visual information.

•

Practice with age-appropriate games as motivational materials.

•

Have students track their progress.
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•

Challenge critical thinking about real problems with problem solving.

•

Use manipulatives and technology such as tape recorders or calculators.

Figure 4
Scaffolding Model

Valarie considered a model with concentric circles as her representation. She
explained that the outer layer requires basic knowledge and skills. To reach the middle,
which is creative problem-solving, individuals must incorporate the other attributes,
which are divergent thinking, resources, and motivation. Two personal (Environment and
Motivation; family background and resources available) and three cognitive (divergent
thinking, knowledge and skills, motivation, and knowledge and skills; domain specific
e.g., math, prior knowledge)
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Figure 5
Circle Model

Summary
The results from the email interviews are submitted in this chapter. The findings
were presented to understand the teachers’ perceptions of the selected themes emerging
from the research questions. The environmental attribute was placed as the highest in the
hierarchy of essential attributes for CPSAM, followed by knowledge and skills, then
motivation and finally divergent and convergent thinking. According to the teachers,
convergent thinking inhibits creative thinking. All but three respondents fully endorsed
the DSM.
In their experience, lack of parental, community, and school support could kill
any motivation the students may have. Even the teacher attitude could retard the
motivation component of the individuals. They also suggested the model should include
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the component of personal traits as a separate item. In the model, this probably seems to
have been included in motivation. The base of their recommended model would be
personal traits, the environment, and domain-specific knowledge. Together, these three
components will establish the venue for motivation for discovery and beyond. Motivation
according to them can be inculcated or even encouraged with incentives and rewards. The
conducive and proper environment has to be present to sow the seeds of motivation and
higher learning and achievement. The inappropriate application of environmental
influences can have negative consequence for student creativity and academic
achievement.
A discussion of the results from the study, conclusion, recommendations for
future research, and limitations of applicability of the research are presented in the next
chapter.

65

CHAPTER 5: DISCUSSIONS AND CONCLUSIONS
This chapter presents a discussion of the findings discussed in the previous
chapter, limitations in the general application of the study, recommendations for future
research, and the final conclusions.
Discussions of Findings
In this qualitative analysis of the teacher’s perspective on the attributes essential
for CPSAM, the participants ranked the environment as the single most important
component. This is consistent with qualitative analysis findings from Teseo (2018) and
Lyn and Cho (2011). However, their results on convergent thinking did not match with
the low ranking for it by the teachers.
Environment, Standardized New York State Assessment
According to the teachers, the Standardized New York Assessment through the
current education system, inevitably promotes memorizing and reproducing rote
information without any conceptual understanding of the material being taught. Teachers
feel they are instructing the students for test preparation and not for mastery of the
content. This type of exposure to education focuses on speed and computational accuracy
and fails to nurture creative problem-solving ability in mathematics. Teachers expressed
their concerns with regard to this trend and are attempting to create opportunities for
students to engage in the divergent thinking process that would enhance their creativity in
solving problems. They experience that progressively the students, over the years, lose
interest in learning mathematics. In 2003, the U.S. Department Education reported that
about 81% of students attending fourth grade had a strong point of view toward
mathematics. Four years later, for the eighth graders, that reduces to 35%. Going to
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college, fewer than 1% select mathematics as a major field of study (National Center for
Educational Statistics (2005). According to the teachers, the present emphases on
convergent thinking and rapid responses have failed to halt or reverse this downward
spiral. As stated before, the teachers expressed that they are coerced into teaching to the
“test” rather than teaching the “content.” Thus, their instruction is based on setting up a
step-by-step plan of arriving at the final answer. They are vehemently engaged in
preparing the students to pass high-stakes New State Regents exams, without imparting
understanding of the essence or conceptual framework of the material being covered.
In the “Turning the Tide Report," the Harvard School of Education, in January
2016, reported the results of 600 college applicant examinations for components of
creativity and compared them with the students’ test scores in aptitude tests such as SAT
and class rank (School GPA). It was found that these were weakly related to creativity.
The higher scholastic achievement in mathematics is not indicative of creativity in
mathematics. The teachers claim to be trapped in a system that propagates convergent
thinking processes that fail to provide them the freedom to explore or impart pedagogy to
cultivate creativity. Creativity, according to them, is first and foremost espoused through
the interactions of a person with the family, school, and society. Thus, a conducive home
environment is essential for developing quality interactions and life experiences that will
allow creativity to be appreciated and promoted.
Environment: Family
With regard to the family as a component of the attribute for creative problemsolving ability, encouragement from parents and parental involvement have become a
foundational piece in promoting achievement and creativity. The location of the research
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site is in an ethnic minority population, teachers’ main concerns were that students under
their instruction were the first generations in their families that would be entering college.
Failing to receive pertinent parental support places students at a marked disadvantage in
their academic performance (Dennis et al., 2005).
Environment School Teachers
Creativity is a natural resource of human beings; thus, it is not only a cognitive
process, nor is it exclusive to some people; however, many factors contribute to its
development. Researchers of the creative environment seek to explore the physical and
social settings that help develop creativity in people. Promoting creativity is associated
with interactions of people with their family, school, and society. Thus, in a friendly
environment, creativity development is related to the quality of those interactions and the
life experiences people have in those contexts. Schools therefore have an important place
in the development of creative skill (Garces et al., pp. 169,176).
According to the teachers participating in this study, the school environment plays
an equally important role in promoting creativity. According to them, creativity has to be
cultivated from inception of a child’s educational experience. The teachers have to be
trained to identify the individual creative abilities of the students and nurture and help
students develop and advance them. They have to create an environment in the
classrooms that is conducive to free-flowing thought processes and learning (S. K.
Robinson, 2009).
In his presentation in a 2005 Ted Talk, Julian (2018) expounded on the notion of
how school learning can stifle the expansive creativity of individuals by citing the
example of a young student who was making a picture. Upon inquiry from the teacher as
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to whose picture it was, the student responded, "God.” The teacher inquisitively asked
how could the picture of God be drawn when no one has seen Him. The student answered
they will have after she has completed her work.
This restrictive teacher–student interaction stems from the fact that the classroom
environment is set up on the traditional normative structure, based on a cognitive
approach confined to the pedagogy promoting convergent thinking. Thus, there is a dire
need for a change in classroom practices, pedagogical revisions, and curricula
development to encourage the creative, mathematical problem-solving of students (Mann,
2006). Classrooms envisaged by the leaders of the National Council of Teachers of
Mathematics (NCTM) as visionary enable students to confidently engage in complex
mathematical tasks, draw on knowledge from a wide variety of mathematical topics,
sometimes approaching the same problem from different mathematical perspectives or
representing the mathematics in different ways until they find methods that enable them
to make progress (NCTM, 2000).
Teacher/student and vice versa interactions were also cited by the teachers as an
element of an environment essential for promoting creativity in mathematics. Successful
teachers enhance, encourage, and help develop students’ creative thinking. Methods of
teaching and a democratic environment increase students’ ability to be creative, and
even a moderate improvement in the school environment leads to immense
improvements in creativeness, such as extroversion, enthusiasm, the emotional
equilibrium of the instructor, and the ability to enhance creative thinking among
students (Mryaan, 2016).
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Prior Knowledge in General and Specific Domains
Prior knowledge in general domain (GD) and specific domain (mathematics,
MD) knowledge was identified by the participants in this study as the next hierarchal
attribute to be considered. The teachers contend that GD contributes to linking
mathematical concepts with real-life applications. Among the attributes identified for
creativity in the DSM, it would be difficult to generate and sustain mathematical
creativity in students without prior, foundational knowledge in mathematics. For the
creative problem-solving ability, students need both mathematical knowledge and
general creative thinking (Schoevers et al., 2018).
As stated before, Guilford (1950, p. 448) accentuated the pivotal role of
knowledge for creative thinking. He contended that people need to have domain-specific
knowledge to become engaged in creative work. In his opinion, work cannot be within or
without a vacuum. Our interest in creativity is established through the background
information that we have accumulated over the span of our lives. This idea is reiterated
by Weisberg (1999), who argued that in-depth domain-specific knowledge is a
prequalification for the creative thought process. Students who have not yet acquired
adequate prior knowledge and skills in mathematics will fail to demonstrate creative
problem-solving ability in mathematics (Mann, 2005).
Motivation and Divergent Thinking
Motivation and divergent thinking, as combined attributes, were placed next in
the hierarchal order by the participants in this study. All the teachers in this project
considered motivation as the prime mover for creativity in mathematics. In their
experience, they have come across students who have exhibited intellectual ability of an
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extent that could lend themselves into the category of being creative in their approach to
problem-solving, those “who can think out of the box.” The teachers consider intrinsic
motivation as a prime mover for creativity in mathematics. Extrinsic motivation can be
helpful at times to trigger intrinsic motivation that may be in a dormant stage and just
needs a nudge to set it off. Extrinsic motivation by itself, in their opinion, may not always
bring out the desired results to establish creativity in mathematics. According to the
teachers in this study the extrinsic motivation may provide an instantaneous or temporary
intervention. The sustained creativity effort can only be achieved through an individual
internal drive. Intrinsic motivation is considered more conducive for creative processes
than eccentric motivation because it provides a self-internal urge for creativity (Amabile,
1988). Through his research, Teseo (2018) found a clear connection between creativity
and intrinsic motivation. He claimed individuals will lack the drive to engage in creative
problem-solving ability unless motivated. The more expansive students’ intrinsic
motivation, the higher will be the possibility of creative engagements and innovative
discoveries on their part (Mann, 2005).
The instructors in mathematical subjects, in the survey, directly linked divergent
thinking to creativity. Researchers in the past had mostly associated divergent thinking to
creativity. According to them, novelty, both in the creation of ideas and seeking solutions
to problems, originates from divergent thinking (Croply, 2006). Kwon et al. (2006)
defined creativity in mathematics using a two-pronged approach, as creation of new
knowledge and flexibility in problem-solving. In this respect, they proposed it is crucial
for teachers to implement pedagogies that will involve divergent thinking and thus
engage their students in creative thought processes (Kwon et al., 2006). To achieve this,
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they recommended the instructors formulate their lesson plans as open-ended inquiries.
Open ended questioning has been determined to have a positive relationship with
mathematical creativity (Kozlowski et al., 2019). Through this strategy, students have
the opportunity to apply numerous formulations and strategies to create varied
responses in solving problems. In support of creative thinking, teachers must be willing
to view each response as credible and refrain from simply selecting a specific answer,
correct or incorrect, without expansive feedback and discussion. Moreover,
encouragement of dialogue and analysis among students would help them understand
their peers’ reasoning and justification in recommending specific solutions. In this way,
the students are taught to exercise flexibly, fluency, and originality, the hallmarks of
creative thinking (Kozlowski et al., 2019).
Convergent Thinking
The teachers ranked cognitive disposition, that of convergent and divergent
thinking in problem-solving, as the final hierarchal placement of attributes essential for
creativity in mathematics.
Convergent thinking in their opinion has been a restrictive practice in the
schooling system in the United States. The students are given tasks for which they have
to seek solutions within the framework of set, step-by-step prescribed procedures.
Through their entire experience at schools, students are encouraged to develop solution
skills they can only view through blinkers and tunnel vision. The teachers expressed their
concern that, with this confined approach, the students are being prepared for testing
only. The students can therefore only respond to what they have learned and cannot
handle any deviations from it. Thus, convergent thinking has created a downward trend
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and diminishing interest in mathematics as the students’ progress through the school
system. This type of pedagogy limits the use of divergent thinking and hence creative
thought processes (Mann, 2005). However, convergent thinking does play a role in
mathematical creativity, as elaborated by Cropley (2006), who proposed that creative
thinking embodies two essential constituents for the creation of novelty (via divergent
thinking) and evaluation of novelty (via convergent thinking). In this sequence, it can be
claimed that creativity is engendered though divergent thinking that affords fluency and
originality, and finally convergent thinking helps in arriving at a final unique solution (De
Vink et al., 2021).
Conclusion
The participants believed the attributes of environment and domain-specific
knowledge should be combined as a composite attribute. None of the teachers considered
the removal of any attributes, except convergent thinking. They agreed with the dynamic
system model and recommended the inclusion in the model of personal traits such as
fluency, flexibility, elaboration, originality, curiosity, self-esteem, an “open mind,”
independence, confidence, motivation, imagination, and persistence (Garces et al., 2016).
They also proposed an inclusion in the model of teachers’ direct targeted involvement
through after-school activities and promoting student participation in Mathletes and such
other clubs as supportive systems. The essence of education in mathematics is to
encourage the creation of substantially high creative individuals in science and
technology. Mathematical creativity is extremely essential for forming the creative ability
of the nation’s workforce and therefore needs to be promoted, nurtured, and highly
supported (Cho & Pham, 2018).
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Relations to Other Studies
All the attributes (environment, convergent/divergent thinking, motivation,
general knowledge and domain-specific skills) except convergent thinking stated in the
DSM were accepted in teachers’ responses to interview questions as essential
qualifications for creativity in mathematics.
As stated before, the home environment has been identified as a predominantly
critical attribute for the academic advancement of students. This finding was confirmed
by Teseo (2018). Creativity in mathematics is a cognitive process that can be developed,
enhanced, and improved upon. As discussed, contributions of the educational
environment where the students are placed can influence their awareness of their
capabilities and ability to advance creative thinking. It has been established through
research that teachers play a pivotal role in fostering and enhancing creative problemsolving ability in mathematics (Kozlowski et al., 2019). Teacher preparations and
practices are essential for preparatory groundwork for promoting student creativity in
mathematics. Teachers need to be flexible and show fluency in preparing and
administering lesson plans for fostering creativity in mathematics. As presented before,
according to Sir Ken Robinson, improper teacher reactions to unexpected student
responses may stifle intrinsic, individual creativity. They need to be articulative in
executing the lesson plan, inviting of students’ unanticipated responses, and innovative
in creating and executing extraordinary pedagogies (Panaoura & Georgia, 2014). A
recent pre-service primary teachers’ conception of creativity in mathematics teaching
(Bolden et al., 2010) revealed a narrow conception, which limited the idea of “teaching
creatively "rather than “teaching for creativity. “Because the basics of creative thought
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are developed at the earlier ages of primary education (Leikin & Pitta-Pantazi, 2013), it
becomes incumbent on teachers to acquire appropriate training, pedagogical know-how,
and applicable resources. Selection of pertinent tasks that promote and encourage
specific aspects of creativity in solving problems in mathematics is being proposed as
anew skill for the teachers (Panaoura & Georgia, 2014). Thus, tasks that can be
extended to promote additional inquiries would render themselves to developing
mathematical creativity. Teachers have to develop pedagogies with open-ended
questioning, promote discovery learning, and engage in the systematic employment of
exploratory and investigative aspects of engaging students. They have to acquire skills
in teaching approaches that assist in developing authentic and creative thinking for their
students. These teaching formulations require divergent thinking and lead to
mathematical creativity.
Apart from the environment, as discussed before, the other attributes that are
essential for promoting creativity in mathematics include cognitive skills (divergent and
convergent processes in problem-solving), domain-specific and general knowledge, and
motivation to excel to heights never achieved before (Gaglione, 2021; Lin & Cho, 2011).
Researchers have documented the impact of divergent thinking as an important
predictor of creativity. More recently, convergent and divergent thought processes have
been considered equal contributors of creativity. Divergent thinking allows the flexibility
of entertaining all possible solutions, and convergent thinking helps in honing into the
final answer. The teachers did not agree with this because they considered convergent
thinking as inhibiting the progress of innovative thinkers.
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Increasingly, researchers have proposed that creativity can be considered as
domain general and domain specific (Kaufman & Sternberg, 2010). Teachers accepted
this as a valid, quality attribute for creativity in mathematics. They also accepted the role
of motivation as a driving stimulant that propels thinkers in the realm of unchartered
territory (Kashpov & Leybina, 2009). Teachers in their responses to interview questions
accepted that, without the ability to create an internal drive (motivation) to excel and
venture into making new discoveries, individuals will not become creative.
Implications for Future Research
The environmental attribute was accepted by all the teachers as the most
important component for CPSAM; therefore, in future research, the teachers can be
interviewed to investigate whether they are providing adequate training to be versatile in
preparing and executing CPSAM in students before becoming teachers. Moreover, after
becoming teachers, do their schools create adequate professional development
opportunities for creating innovative instructional pedagogies to advance CPSAM? They
could also be asked to respond to the provision of technological support provided to
them. If there are inadequacies to meet their objectives, they can offer the required
corrective actions that would eliminate the hurdles to meet their goals.
Teachers can further assist in the inquiry of the personal characteristics of the
students in the creative process. Their perceptions can be sought for a discourse on the
role of personal characteristics such as fluency, flexibility, elaboration, originality,
curiosity, self-esteem, an “open mind,” independence, confidence, motivation,
imagination, perseverance, and not giving up after failure, as related to the CPSAM.
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Because the students are the recipients of the instruction, research can be formulated to
address the inquiry if the teachers, administration, and the technological support
sufficiently meet their needs to advance their CPSAM. They also could provide insight to
any inhibition or restraint placed on them due to the inadequacies of the teachers or other
supportive necessities to be creative mathematicians.
Limitations
The present study was conducted with 25 teachers in a suburban school with a
minority ethnic population. Except four teachers, all the other teachers were White. The
results of the research therefore cannot have universal application, and its scope can only
be limited to the population it represents. It will begin to have universal application if
similar results are born in future research by others.
Conclusion
In this qualitative study, the teachers agreed all the attributes included in the
dynamic system model for creative problem-solving ability were crucial when seeking to
attain creativity in mathematics. In their opinion, collectively these attributes make up an
essential collage when dealing with any type of problem-solving ability, even with
activities that are outside of the school in any commercial or artistic field. Because of the
cognitive nature of mathematics as a subject, environmental interactions, domain-specific
and general knowledge, motivation, and convergent and divergent thinking form
foundational attributes to build upon. According to the teachers, these attributes included
in the dynamic system model connected with the creativity in general and have
overlapping associations with CPSAM because they form the prerequisite for the creative
process in an individual to develop and cherish.
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Environmental attributes were placed in a foremost prominent place by the
teachers. According to them, without it, none of the other attributes would aid in
advancing creative attitudes in mathematics. School environments should be instituted to
promote and encourage creative thinking through the establishment of an appropriate
curriculum for teaching mathematics. Parental involvement is considered by them to be
essential for supporting and directing the students to take advantage of what is offered as
instruction in mathematics. Additionally, positive teacher interactions and the availability
of local community resources have to be supportive of creative thinking before any
progress can be made in CPSAM. Simultaneously, the participants gave equal standing to
domain-specific and general knowledge skills. Interest or engagement in any
mathematical activity will fail to occur in the absence of domain-specific knowledge.
Motivation will then take place to develop higher order skills, essential for participating
in CPSAM. At this point, according to the participates the students will open themselves
to divergent thinking and the creative process will begin.
The dynamic system model in its general form was accepted by the majority of
the participants. However, they perceived it to be extremely basic in its construct. The
environmental attribute is an important attribute, but it is not explicitly included in the
diagrammatic representation of the dynamic system model. Additionally, they proposed
that a “personal traits "attribute should be explicitly presented as a component in the
model to highlight the personal qualities of perseverance, risk taking, problemsolving/problem posing, which are extremely essential in CPSAM. They vehemently
rejected the inclusion of convergent thinking in the model because they perceived that, to
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inhibit the expansive realm, the students have to enter through divergent cognitive
engagement to be creative problem solvers.
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APPENDIX A: IRB APPROVAL FOR CONDUCTING RESEARCH
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APPENDIX B: TEACHER PARTICIPATION INFORMED CONSENT FORM

Teacher Participation Informed Consent Form
Concerns about the underrepresentation of ethnic minority students in gifted
programs have been highlighted for many years. Yet very little progress has been
achieved in changing this status quo. The study here is thus designed to contribute to
addressing this parity by centering the research on minority populations for giftedness.
You are thus invited to participate in a research study on teacher perceptions of
characteristics contributing to the mathematical creativity of students in the high school
you instruct. Dr. Cho of St. John’s University has presented a general theoretical
framework for attributes essential for creative problem-solving ability in her article
(1999,2003) titled, “Dynamic System Model of Creative Problem-Solving Ability.” In
this dynamic system model, Dr. Cho proposes six attributes of creative problem-solving
ability, such as motivation, divergent thinking, convergent thinking, general knowledge,
and general skills. As a participant, you will express your opinions and reasons for the
validity of inclusion of each of the attributes as a contributory factor in the mathematical
problem-solving ability. The survey questions to be answered are listed here.
The potential benefits of participating in this study for the school include the
following:
1) Exposing the teachers to the concept of how the mathematical creative problemsolving ability testing are formulated in research.
2) Assisting the school personnel in determining the creativity of students in solving
mathematical open-ended questions
3) Helping students in the school realize the positive influences of mathematical
creativity.
It must be noted that, even after the consent, any individual teachers may withdraw from
the study, at any time. By agreeing to participate you attest to the fact you are over the
81

age of 18. Your consent for participation will require you, as a teacher, to respond to the
following survey questions via email or telephone interview or both.
All the records of this study that would identify the participating teacher will be
kept confidential to the extent allowed by law, specifically,
1) All participants will be assigned a code number (State student ID number).
2) Participants names need not be written on any assessment or material, only ID
number.
3) All data and materials of the study will be kept under lock and storage. Data will
be accessible only by the researcher. After completion of the study, all data will
be completely destroyed. The results of the study may be published at some point;
however, teacher names and other identifiable information will remain
confidential.
For more questions about this study, the teacher participation, or to report a researchrelated problem, please contact the researcher directly at 516-584-6171 or anil.ganji07
@stjohns.edu or contact the faculty sponsor Dr. Seokhee Cho, St. John’s University, at
718-990-1303 orchos1@stjohns.edu.
There are no known risks associated with your participation in this research
beyond those of everyday life.
Federal regulations require all subjects be informed of the availability of medical
treatment or financial compensation in the event of physical injury resulting from
research participation. St. John's University cannot provide either medical treatment or
financial compensation for any physical injury resulting from your participation in this
research project.
Consent for Teacher Participation

Name of School

Teacher’s Signature

Date
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APPENDIX C: PARTICIPANT DEMOGRAPHY AND RESEARCH INTERVIEW
QUESTIONS

Dear participant:
The theoretical structure for creativity generally, with a focus on creative
problem-solving ability, was proposed by Dr. Cho of St. John’s University in the
dynamic system model of creative problem-solving ability. The model applies generally
to any type of creative problem-solving ability and in particular incorporates six essential
attributes: four cognitive (convergent thinking, divergent thinking, motivation,
knowledge, and skills (domain specific (e.g., math, prior knowledge)), and two personal
(motivational and environmental (e.g., family background and resources available)). You
are requested to respond to the research questions by reflecting on how well this dynamic
system model developed generally for creative problem-solving ability is a good fit for
problem-solving ability in mathematics. First, please complete the teacher consent form
for participation by signing at the bottom of the form and sending it back at your earliest;
this will only give me account of the participants. After that, I would appreciate if you
would complete the demographic questions, and finally please explain your responses in
detail to each of the research questions.
Thank you for your participation,
Anil Gangji
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Interview Questions
Dr. Cho at St. John’s University proposed a dynamic system model of creative
problem-solving ability. In the model, she identifies six attributes: Four cognitive
(divergent thinking, convergent thinking, general knowledge and skills, domain-specific
knowledge and skills) and two personal (motivation and environmental that includes
family involvement) attributes.
Please answer each question separately. For #6 you may draw by hand and take
camera shot and attach it. Spaces are provided for your responses to each research
question following the list of the seven questions. Additionally, please complete the
initial demographic questions. This is a Word document and responses can be directly
typed in and sent as an e-mail attachment to agangji@uniondaleschools.org.
Initial Demographic Questions About You.
1. How long have been a teacher for 9–12? ______ years
2. Are you a math or a science teacher? Science Math Other
3. Do you teach AP courses? Yes No
4. Do you teach honors courses? Yes No
5. Do you supervise after-school programs in math or science? Yes No
6. Do you assist students in taking part in local competitions or research? Yes No
7. Do you think students come well prepared to enter high school math classes? Yes No
Please submit your answers in the boxes provided below the list of six interview
questions.
Interview Questions.
1. Do you believe the dynamic system model for creative problem-solving ability can be
utilized to ascertain creative problem-solving ability in mathematics?
2. How, in your opinion, is there an overlapping association between the two that would
permit us to consider attributes in the dynamic system model for application in creative
problem-solving ability in mathematics.
3. Would you consider there to be hierarchal arrangement in the attributes to reflect from
the most important to the least important, or would you consider that all the attributes are
entwined and therefore bound together as a cohesive unit?
4. Are there any other attributes that can be considered in this context?
5. Are there attributes that need to be removed or combined from the dynamic system
model?
6. Can you draw a model of your own mathematical creative problem-solving? Please
present its form in writing or a picture.
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1. Do you believe the dynamic system model for creative problem-solving
ability can be utilized to ascertain creative problem-solving ability in
mathematics?
Explain your reasoning:
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2. How, in your opinion, is there an overlapping association between the two
that would permit us to consider attributes in the dynamic model for
applications to creative problem-solving ability in mathematics.
Explain your reasoning:
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3. Would you consider there to be hierarchal arrangement in the attributes to
reflect from the most important to the least important or would you consider
all the attributes entwined and therefore bound together as a cohesive unit?
Explain your reasoning:
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4. Are there any other attributes that can be considered in this context?
Explain your reasoning:
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5. Are there attributes that need to be removed from or combined with the
dynamic system model?

Explain your reasoning:

89

6. Can you draw a model of your own of mathematical creative problemsolving? Please present its form in writing or picture.
Explain your reasoning:
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APPENDIX D: DETAILS OF WORKSHOPS ATTENDED AND AS REPORTED
BY TEACHERS
Offered by the Bureau of Education and Research
Bellevue, Washington
Teachers reported having attended professional training to enhance their instruction skills
for encouraging creativity in mathematics. They cited an article presented to them
during their training session: “Factors That Influence Mathematical Creativity”
(Kozlowski et al., 2019).
Figure
Teaching Approaches That Help Support Mathematical Creativity

According to the teachers, the knowledge they acquired from the workshop included
specific instructional methods for supporting authentic creative thinking in solving
problems in mathematics. The first method stated was problem-solving and problem
posing tasks, as seen in Figure 6. Through this approach, students are encouraged to
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formulate strategies, apply them, and reformulate the strategies—repeating this several
times, if necessary, and becoming willing to take risks and finally arriving at a solution.
The application of modifications in the progression of the thinking process when
pursuing this problem-solving strategy has an important function for developing a
highly creative mathematical disposition (Silver, 1997).
Open-ended questioning was the next strategy the teachers used to advance
mathematical creativity in students (Kozlowski et al., 2019).
Multiple solution tasks (MSTs)was another strategy the teachers were exposed to.
MSTs are recognized as essential for the advancement of creative problem-solving efforts
in mathematical reasoning (Leiken & Lev, 2007; Levava-Waynberg & Leikin, 2012;
National Council, 2008).
MSTs can be executed through the three methodologies identified above (Tsamir
et al., 2010). The first multiple solutions type can be conducted due to the variations in
mathematical solution methods. The second multiple solutions type can be developed if
students solve problems with missing data. To solve these problems, they have to make
assumptions about the missing data and, thus, receive different outcomes. The third type
of multiple solutions includes the variations in mathematical solution methods
encouraging different outcomes (Schukajlow & Krug, 2013).
Model-eliciting activities (MEAs) are yet another tool implemented by teachers
for encouraging creativity in mathematics. Creativity is at the heart of MEAs, and it
plays a significant role in student success in mathematics. With respect to math solutions,
diversity in thinking is a process that is paramount to the successful development of
models. However, the significance of creativity in school mathematics may be minimized
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because it is not formally assessed through standardized tests. MEAs can act to fill the
assessment void created by standardized tests, and they provide performance-based
assessments of the ability of students to generate creative mathematical ideas in response
to well-structured problems (Chamberlin & Mann, 2005).
The teacher role is the most important stimuli in regard to developing an
effective climate for teaching and learning within the classroom, encouraging students
to think uniquely and with originality.
CPSAM selected examples cited by participants in workshops (open-ended
questions and discovery learning)
EXAMPLE 1
Modeling in Math
Can you think of any commercial scenarios where modeling is represented?
What is the intent or purpose of modeling in that scenario?
Read the scenario and state your observations.
You are given 10 toothpicks to make boxes. The first box was made out of four
toothpicks. The second box was made of three toothpicks attached to the first box,
sharing the last stick and the third box the same way, and so on until all the toothpicks are
all used up. Can you make a geometric model to make a pictorial representation?
Geometric Model

How many boxes can you make?
Select a number of toothpicks of your choice and state why you picked that number of
toothpicks and then state the number of boxes you can make.
Can you now make an algebraic model for the same scenario and explain how you
achieved it?
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Identify the dependent and independent variables, designate them x, the independent
variable, and y, the dependent variable.
Tabulate the values of x and y in the table below and graph them.

Write your interpretation of the graph in terms of continuous or discrete behavior.
EXAMPLE 2

Tree

A

Tree B
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Each tree has a number of birds. Your task is to find the number of birds on each tree at
the beginning by correctly interpreting, setting up equations, and then calculating the best
answer.
When a bird flies from tree A to B, there are twice as many birds on one tree compared to
the other.
Now the birds are put back to the way they were at the beginning.
This time, if a bird flies from tree B to A, there are an equal number of birds.
How many birds were at the beginning on each tree?
Example 3
Add numbers

1 thru 5 inclusive.

Can you suggest another way that you could add these numbers?
When Carl Friedrich Gauss, a German mathematician from the late 1700s, was in
elementary school, to his teacher’s surprise, he added numbers 1–10 in an extremely
short time. Can you show how he might have done it?
Example 4
Can you teach algebra to a third grader? Explain how you would do it?
Example 5

A train starts from a station at noon and travels at an average speed of 50 mph. Then, 3
hours later, another train starts from the same station, travelling on a parallel track toward
the same destination at an average speed of 75 mph. Your tasks are as follows:
a) To find out if the trains will ever meet, and, if so, in how many hours.
b) In how many hours will the trains be 50 miles apart?
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